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APPENDIX C 

SUMMARY OF SAMPLES COLLECTED AND ANALYSES REQUESTED 
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Rocky Flats Envimnmental Technology Site 
Drafr RFORI Operable Unit 3 

Appendix C contains tables summarizing the samples collected and laboratory analyses performed for 
each sample by medium. 'pables are included for the following media: 

SurfaceSoil 
Subsurface Soil wench samples) 
Surfacewater 
Sediment 
Groundwater 
Biota (Aquatic, Vegetation, and Small Mammal samples) 

'Phble C-la Summary of Surface-Soil Samples - Sampling Method: CDH Method 

Table C-lb Summary of Surface-Soil Samples - Sampling Method: Modified Hazel Method 

Table C-2 Summary of Soil-'Ifench Samples 

Table C-3 Summary of DrainageDitch Surface-Water Samples 

Table C-4a 

Table C-4b 

Table C-4c 

Table C-5 

Summary of Reservoir Surface-Water Samples - Lake Data Group Reservoir: IHSS 200 

Summary of Reservoir Surface-Water Samples - Lake Data Group Reservoir: IHSS 201 

Summary of Reservoir Surface-Water Samples - Lake Data Group Reservoir: IHSS 202 

Summary of Nearshore Sediment Samples (Grab and Core Samples) 

Table C-6a 

Table C-6b 

Table C-7 

Table C-8 

Table C-9 

Table C-10 

Table C- 11 

Table C- 12 

Table C-13 

Summary of Reservoir Grab Samples 

Summary of Vertical Sediment Cores from Reservoirs 

Summary of Groundwater Sampling 
\ 

Summary of Mammal Samples 

Summary of Vegetation Samples 

Summary of Fish-?Issue Sampling 

Summary of Benthos Sampling 

Summary of Periphyton Sampling 

Summary of Bioassay Sampling 

c- 1 



Rocky Flats fivimnanental Technology Site 
Drafr RFI%RI Ouerable Unit 3 

c-2 





Table G1 a 
Summary of Surface Soil Samples 
Sampling Method: CDH Method - 

I I QC I I I I 



Table C-1 b 
Summary of Surface Soil Samples 

Samplinq Method: Modified Hazel Method 



Table G1 b 
Summary of Surface Soil Samples 

Sampling Method: Modified Hazel Method 

PT18692 I I SS04125CH 1 Radionuclides (Total) 
PT18792 I I SS04127CH I Radionuclides (Totall 



Table C-2 
Summary of Sol1 Trench Samplee 



Table G2 
Summary of Soil Trench Samples 

J I 



Table C-2 
Summary of Sol1 Trench Samples 



Table C-2 
Summary of Sol1 Trench Samplee 

- .. .. 

TRo3492 ' TR02141CH ' 0-3 'Radionuclidesbotalj 21-0d-92 

TR03492 TR02143CH 8 9  Radionuclides (Total) 21 -0d-92 
TR03492 TR02144CH 9-12 Radionudidesrratan 21-0d-92 

TR03492 TR02142CH 3-6 Radionuclides (Total) 21 -0d-92 



TaMe G2 
Summry of Sol1 Trench Samples 



Table Q 
Summary of Sol1 Trench Sampleo 

-e 



Table C-2 
Summary of Soil Trench Samples 



Table C-3 
Summary of DrainagdDitch Surface Water Samples 



Table C-3 
Summary of DrainagelDitch Surface Water Samples 



Table C-3 
Summary of DrainagdDitch Surface Water Samples 

Sample 
Location 
SWOOl92 

- 

Date Comments Analysis Collected QCType SampleNumber PlanID 
RNS SW80219WCU3 TSS 05-Jun-92 

SW00292 WN-3 RNS SW07006CH OrthoPhosPhate 1 0-JuI-92 
SW00292 WN-3 RNS SW07006CH Radionuclides (DISSOLVED) 1 0-JuI-92 
SW00292 WN-3 RNS SW07006CH Radionuclides (Total) 1 0-JuI-92 
SW00292 WN-3 RNS SW07006CH Sulfide 10-Jut-92 
SW00292 [ WN-3 [ RNS I SW07006CH 
SW00392 I WO-2 I SW07001 CH 

Total Phos, NH4, N02, NO3 1 0-JuI-92 
Cvanide frotal) 13-JuI-92 



Table 63 
Summary of DrainagdDitch Surface Water Samples 

e 



Table C-3 
Summary of DrainagdDitch Surface Water Samples 

Date Comments collected Sample QC Type Sample Number Analysis Location PlanID 
SW00692 SWOl940WCU3MS CN 09-Jun-92 

SW00692 SWO1940WCU3MS MET iSj CLP 09-Jun-92 
SW00692 SWOl940WCU3MS NH3 AS N 09-Jun-92 
SW00692 SWOl940WCU3MS N03bJ02 09-Jun-92 
SW00692 SWO1940WCU3MS 0 Phos. 09-Jun-92 
SW00692 I SWO1940WCU3MS IOiVGrease I 09-Jun-92 
SW00692 I I SWOl940WCU3MS I Phos. I 09-Jun-92 
SW00692 SWO1940WCU3MS Plutonium-2391-240 09-Jun-92 
SW00692 SWOl940WCU3MS SO4 Sulfate 09-Jun-92 
SW00692 SWOl940WCU3MS I D S  09-Jun-92 

SW00692 Dup SW8022OWCU3 HC03 BlCarbonate 09-Jun-92 
SW00692 Dup SW8022OWCU3 MET (A) CLP 09-Jun-92 
SW00692 Dup SW8022OWCU3 MET (S) CLP 09-Jun-92 
SW00692 Dup SW8022OWCU3 NH3 AS N 09-Jun-92 
SW00692 Dup SW8022OWCU3 0 Phos. 09-Jun-92 
SW00692 DUD SW8022OWCU3 OiVGrease 09-Jun-92 

SW00692 RNS SW80221 WCU3 AM241 09-Jun-92 
SW00692 RNS SW80221 WCU3 Chlorine 09-Jun-92 
SW00692 RNS SW80221WCU3 CN 09-Jun-92 
SW00692 I I RNS I SW80221WCU3 IC03Carbonate I 09-Jun-92 I 1 



Table 63 
Summary of DrainagdDitch Surface Water Samples 



Table C-3 
Summary of DrainagdDitch Surface Water Samples 

a 



\ 



SW02292 
SW02292 
SW02292 
SW02292 

a 

e 

WN-12 SW07206CH RADIONUCLIDES (DISSOLVED) wet-92 
WN-12 SW07206CH m I m T A L )  02-0ct-92 
WN-12 SW07206CH SULFIDE wet-92 
WN-12 SW07206CH TOTAL PHOS, NH4, N M ,  NO3 w-oct-92 

. -  

e 



1 

, 
Table C4a  

Summary of Reservoir Surface Water Samples 
LAKE Data GrOUD 

Reservoir: IHSS 200 





Table C-4b 
Summavy of Reservoir Surface Water Samples 

LAKE Data Group 



Table C4b 
Summary of Reservoir Surface Water Samples 

LAKE Data GIWD 



Table C 4 b  
Summary of Reservoir Surface Water Samples 

SW03592 WO-16 SW07026CH OIL & GREASE 28-Jul-92 STRAT 01 FT 
SW03592 WO-16 SW07026CH ORTHOPHOSPHATE 28Jul-92 STRAT: 01 FT 

I SW03592 WO-16 SW07026CH RADIONUCLIDES (DISSOLVED) 28Jul-92 STRAT 01  FT 



Table G4b I -$  

Summary of Reservoir Surface Water Samples 
LAKE Data Group 

Collocated with 



- 

Table C 4 c  
Summary of Reservoir Surface Water Samples 

LAKE Data Group 



Table C4c  
Summary of Reservoir Surface Water Samples 

LAKE Data Grow 
Reservoir: IHSS 202 

collocated with: Date 
collected Analysis Sample WorkPlan OC Sample I Location I ID I Type I Number 



Table C 4 c  
Summary of Reservoir Surface Water Samples 

LAKE Data Group 



Table C 4 c  
Summary of Reservoir Surface Water Samples 

LAKE Data Group 

Collocated with: Analysis e 
l 



Table C4c  
Summary of Reservoir Surface Water Samples 

LAKE Data Group 
Resenrolr: IHSS 202 

I 
I 



Table C-5 
S u m m y  of Nearshore Sediment Samples (Grab and Corn Samples) 

I '  



Table C 4  
Summary of Nearshore Sediment Samples (Grab and Core Samples) 



Table C-5 
Summary of Nearshore Sediment Samples (Grab and Core Samples) 



Table C-5 
Summary of Nearshore Sediment Samples (Grab and Core Samples) 



Table C-5 
Summary of Nearshore Sediment Samples (Grab and Core Samples) 



Table CS 
Summary of Nearshore Sediment Samples (Grab and Core Samples) 

StDO5792 SD00400WCU3 PLUI'ONIUM 2391240 ' 1Majr-92 ' 0 1 IN COHE REAL 
SED05792 SD00400WCU3 UISO 1May-92 0 1 IN CORE REAL 
SED05792 SDOO401 WCU3 AM241 1 Mav-92 .l 2 IN CORE REAL 



Table C-5 . 
Summary of Nearshore Sediment Samples (Grab and Core Samples) 



Table C-5 
Summary of Nearshorn Sediment Samples (Grab and Core Samples) 



Table cb 
Summary of Nearshore Sediment Samples (Grab and Core Samples) 



Table C-5 
Summary of Nearshore Sediment Samples (Grab and Core Samples) 



Table c5 
Summary of Nearshore Sediment Samples (Grab and Core Samples) 



Table C-5 
Summary of Nearshore Sediment Samples (Grab and Core Samples) 

SED07892 SDOO377WCU3 PLUTONIUM 239440 1 Nul-92 GRAB REAL 
SED07892 SDOO377WCU3 RAD SCREEN 13Jul-92 GRAB REAL 
SED07892 SDOO377WCU3 UISO 1 Nul-92 GRAB REAL 
StDO7892 SDOO377WCU 3 VOACLP 13JuI-92 GRAB RtAL 



Location 
Cade 

SED09492 
SED09492 ~ -~ 

SED09492 
SED09492 
SED09492 
SED09492 
SED09492 
SED09592 ._ 

SED09592 
SED09592 
SED09592 
SED09592 

SED09692 
SED09692 
S ED09692 ~ 

SED09692 
SED09692 
SED09792 
SED09792 
SED09792 
SED09792 
SED09792 
SED09792 
SED09892 
SED09892 
SED09992 
SED09992 
SED1 0092 
SEDl 0092 
SED1 01 92 
SED1 01 92 
SED1 0292 
SEDl 0292 

SEDl 0392 
SEDl 0392 
SEDl 0392 
SEDl 0392 
SEDl 0392 
SEDl 0492 
SEDl 0492 
SED1 0492 

Table C-6a 
Summary of Reservoir Grab Samples 

Sample Analysis Date Collected ‘Ian Sample Number ID 
SS48 SD061 OOCH METALS / CYANIDE 04-Sep-92 
ss40 SD061 OOCH RADIONUCLIDES 04-Sep-92 

WO-14 SD06016CH METALS / CYANIDE 29-JuI-92 
WO-14 SD06016CH RADIONUCLIDES 29-JuI-92 
WO-14 SD06016CH SPECIFIC GRAVITY /GRAIN SIZE 29-JuI-92 
WO-14 SD06016CH TOC 29-JuI-92 

WO-17 SD06215CH METALS / CYANIDE 13-Oct-92 
WO-17 SD06215CH RADIONUCLIDES 13-Oct-92 
SS10 SD06103CH METALS / CYANIDE 04-Sep-92 
SS10 SD06103CH I RADIONUCLIDES 04-Sep-92 

WO-16 SD06019CH IMETALS / CYANIDE 05-Aua-92 

SS29 SD06104CH RADIONUCLIDES 04-Sep-92 
ss47 SD06105CH METALS / CYANIDE 03-Sep-92 
ss47 SDO6105CH RADIONUCLIDES 03-Sep-92 
ss12 SD06106CH METALS / CYANIDE 04-Sep-92 
ss12 SD06106CH RADIONUCLIDES i 04-Sep-92 
SS17 SD06107CH METALS / CYANIDE I 04-S~D-92 
SS17 SD06107CH RADIONUCLIDES 04-Sep-92 
ss9 SD06108CH METALS / CYANIDE 04-Sep-92 
ss9 SD06108CH RADIONUCLIDES 04-Sep-92 
SS8 SD06109CH METALS / CYANIDE 04-Sep-92 
SS8 SD06109CH RADIONUCLIDES 04-Sep-92 

SDO61 O9CH SPECIFIC GRAVITY /GRAIN SIZE 04-Sep-92 
04-SeD-92 

SS8 
SS8 SD06109CH TOC _ _ _  _ ~ . .  .__ _ _  

SS8 SD061l OCH METALS / CYANIDE 04-Sep-92 
SS8 SD06110CH RADIONUCLIDES 04-Sep-92 
ss45 SD06111CH METALS / CYANIDE 04-S~D-92 
ss45 SD06111CH RADIONUCLIDES 04-Sep-92 

I ss45 SD06111 CH SPECIFIC GRAVITY I GRAIN SIZE 04-Sep-92 



Table C-6a 

- 



J 

Table G6a  



Table M a  



Table G6a  



Table G6b 
Summary of Vertical Sediment Cores from Reservoirs 



Table G6b 
Summary of Vertical Sediment Cores from Reservoirs 



Table G6b 
Summary of Vertical Sediment Cores from Reservoirs 



Table G6b 
Summary of Vertical Sediment Cores from Reservoirs 

Locationcode 
SED08792 

Sample Depth Depth Depth Sample Analysis Date Cbllected Number From To Unit 
SD06577CH 6 8 IN RADIONUCLIDES, (3137. PO210 ' 01 -Se~-92 

SED08992 SD06691 CH 
SED08992 SD06692CH 
SED08992 SD06692CH 

2 4 IN 
4 6 IN 
4 6 IN 

SED08992 [ SD06694CH I 6 1  8 1  IN 
SED08992 I SD06695CH I 8 1  10 I IN 

RADIONUCLIDES, CS137, PO210 
METALS / CYANIDE 
RADIONUCLIDES, CS137, PO210 
METALS / CYANIDE 
RADIONUCLIDES, CS137, PO210 
METALS / CYANIDE 
RADIONUCLIDES, CS137, PO210 
METALS / CYANIDE 
RADIONUCLIDES, CS137, PO210 
METALS / CYANIDE 
RADIONUCLIDES, CS137, PO210 
METALS / CYANIDE 
RADIONUCLIDES, CS137, PO210 
METALS / CYANIDE 

14-Sep-92 
14-Sep-92 
14-Sep-92 
14-Sep-92 
14-Sep-92 
14-Sep-92 
14-Sep-92 
14-Sep-92 
14-Sep-92 
14-Sep-92 
14-Sep-92 
14-Sep-92 
14-Sep-92 
14-Sew92 

14 
16 

SED08992 
SED08992 
SED08992 

SD06693CH 6 8 IN 
SD06693CH 6 8 IN 
SD06694CH 6 8 IN 

SED08992 
SED08992 

SD06695CH 8 10 IN 
SD06696CH 10 12 IN 

, SED08992 SD06698CH 14 16 IN RADIONUCLIDES, CS137, PO210 14-Sei-92 
SED08992 SD06699CH 16 18 IN METALS / CYANIDE 14-Sep-92 
SED08992 SD06699CH 16 18 IN RADIONUCLIDES, CS137, PO210 14-Sep-92 



Table Cab 
Summary of Vertical Sediment Cores from Reservoirs 

SED091 92 I SD06625CH WATER 
SED091 92 I SD06625CH WATER 

SED091 92 SD06606CH 6 8 IN 
SED091 92 SD06606CH 6 8 IN 
SED091 92 SD06607CH 8 10 IN 

- . . .. . . - - _ _  _ _  
, METALS 02-~eL-92 
I RADIONUCLIDES 02-S~Q-92 

SED091 92 SD06607CH 
SED091 92 SD06608CH 
SED09192 SD06608CH 

8 10 IN 
10 12 IN 
10 . 12 IN 

METALS / CYANIDE 
RADIONUCLIDES. CS137. PO210 

02-Sep-92 
02-S~D-92 

SED091 92 
SED091 92 
SED09192 

SD06609CH 12- 14 IN 
IN SD06609CH 12 14 

SD06610CH 14 16 IN 
- 

METALS CYANIDE 
RADIONUCLIDES, CS137, PO210 
METALS / CYANIDE 

02-Sip-92 
02-Sep-92 
02-Sep-92 

Sample Analysis Date Collected 

SED091 92 
SED091 92 

METALS / CYANIDE 14-Sip-92 
RADIONUCLIDES. CS137. PO21 0 14-Seo-92 

SD0661 OCH 14 16 IN 
SD06611 CH 16 18 IN 

METALS / CYANIDE 14-Sep-92 
RADIONUCLIDES, CS137, PO210 14-Sep-92 
METALS / CYANIDE 1 4-S~D-92 

RADIONUCLIDES, CS137, PO210 
METALS / CYANIDE 

METALS / CYANIDE 

METALS / CYANIDE 14-Sep-92 

02-Sep-92 
02-S~D-92 

RADIONUCLIDES, (3137, PO210 I 14-Sip-92 
METALS / CYANIDE I 02-Se~-92 

SED091 92 
SED091 92 
SED09192 

RADIONUCLIDES, CS137, PO210 02-Sep-92 
METALS / CYANIDE 02-Sep-92 
RADIONUCLIDES, CS137, PO210 02-Sep-92 

SD06611 CH 16 18 IN 
SD06612CH 18 20 IN 
SD06612CH 18 20 IN 

METALS / CYANIDE 02-Sep-92 
RADIONUCLIDES, CS137, PO210 02-Sep-92 
METALS / CYANIDE 02-Set1-92 

~ 

RADIONUCLIDES, CS137, PO210 
METALS / CYANIDE 
RADIONUCLIDES, CS137, PO210 

~~ 

RADIONUCLIDES, CS137, PO21 0 02-Sep-92 
METALS / CYANIDE 02-Sep-92 

02-Sep-92 
02-Sep-92 
02-Sep-92 

SED091 92 
SED091 92 
SED091 92 

SD06613CH 1 8 20 . IN 
SD06613CH 1 8 20 IN 
SD06614CH 20 22 IN 

RADIONUCLIDES, CS137, PO210 
METALS / CYANIDE 

02-Sep-92 
02-S~D-92 

SED091 92 
SED09192 
SED09192 

SD06614CH 20 22 IN 
SD06615CH 22 24 IN 
SD06615CH 22 24 IN 

RADIONUCLIDES, CS137, PO210 
METALS / CYANIDE 
RADIONUCLIDES, CS137, PO210 

02-Sep-92 
02-Sep-92 
02-Sep-92 

SED09192 I SD06616CH I 24 I 26 
SED09192 I SD06616CH I 24 I 26 

IN 
IN RADIONUCLIDES, CS137, PO210 

METALS / CYANIDE 
02-Sep-92 
02-Se~-92 SED091 92 

SED09192 
SED091 92 

SD06617CH 26 28 IN 
SD06617CH 26 28 IN 
SD06625CH WATER 

RADIONUCLIDES, CS137, PO210 
CYANIDE 

02-Sei-92 
02-Seo-92 



Table C-6b 
Summary of Vertical Sediment Cores from Resenroirs 

r 

Sample Analysis Date Collected Sample Depth Depth Depth 
Locationwe Number From To Unit I 

SED09292 SD06632CH 0 2 IN METALS / CYANIDE 15-Sep-92 
SED09292 SD06632CH 0 2 IN RADIONUCLIDES, (337, PO210 15-Sep92 

. .-. 

_.._ ... 

... . _. 



Table 6 7  
Summary of Groundwater Sampling 

Location Code Sample Number Sample Analysis Date Collected 

491 92 
491 92 
491 92 
491 92 
491 92 
491 92 
49292 
49292 
49292 

~~~ ~ 

I 49292 I GW30025CH IN03M02 I 28-Jan-93 

GW30000CH MAJOR ANIONS 29-Jan-93 
GW30000CH METALS (FILTERED) 29-Jan-93 
GW30000CH METALS (TOTAL) 29-Jan-93 
GW30000CH N O W 0 2  29-Jan-93 
GW30000CH PLUTONIUM, AMERICIUM 29-Jan-93 
GW30000CH URANIUM (FILTERED) 29-Jan-93 
GW30025CH MAJOR ANIONS 28-Jan-93 
GW30025CH METALS (FILTERED) 28Jan-93 
GW30025CH METALS (TOTALI 28-Jan-93 

I 49292 I GW30025CH IPLUTONIUM, AMERICIUM I 28-Jan-93 
49292 
49292 

GW30025CH URANIUM (FILTERED) 28-Jan-93 
GW30055CH MAJOR ANIONS 28-Jan-93 

49292 
49292 

GW30056CH URANIUM (FILTERED) 28-Jan-93 
GW30057CH MAJOR ANIONS 28-Jan-93 

I 49292 I GW30057CH IPLUTONIUM, AMERICIUM ’ I 28-Jan-93 

49292 
49292 
49292 

GW30057CH METALS (FILTERED) 28-Jan-93 
GW30057CH METALS (TOTAL) 28-Jan-93 
GW30057CH N03M02 28-Jan-93 

I 49292 I GW30058CH IMETALS (FILTERED) I 28-Jan-93 

49292 
49292 

49292 GW30058CH METALS (TOTAL) 28-Jan-93 
49292 GW30058CH N03M02 28-Jan-93 

GW30057CH URANIUM (FILTERED) 28-Jan-93 
GW30058CH MAJOR ANIONS 28-Jan-93 



Table C-8 

- .  . 



$/ 

Table C-9 
Summary of Vegetation Samples 

Location Code 

81001292 
81001292 

Sample Number Sample Analysis Date Collected 

8103056CH Rads 20-JuI-92 
8103057CH Rads 20-JuI-92 

I 81001292 I 8103058CH I Rads I ~~ -20-Jut-92 

81001 292 
81001492 

I 81001292 I 8103059CH I Rads I 20-JUL92 
8103060CH Rads 20 JuI-92 
8103066CH Rads 27-JuI-92 

81001492 
81001492 

8103067CH Rads 27Jul-92 
8103068CH Rads 27-Jut-92 

I 81002092 I 8103097CH I Rads I 07-AuSE 
81002092 
81002092 
8 I002092 

8103098CH Rads. 07-Aug-92 
8103099CH Rads 07-Aut92 
81031 OOCH Rads O7-AUO-92 

-..._.. . . _.. 



1 

Location Work Plan Sample 
Code ID Number 

Date Tissue 
Code Group Common Analysis Battle Code Collected 

LINDSEY REF 
LINDSEY REF 
LINDSEY REF 
LINDSEY REF 

81017692 I WO-11 1 B103744CH 1 WB 7 

B103720CH WB 6 FM,RB,RC,M 08-Oc1-92 
8103721 CH WB 6 RA,RB,RC,M 08-Oc1-92 
B103722CH M 7 RA,RB,RC,M 08-Oc1-92 
B103723CH M 7 RA, RB, RC, M 08-Oc1-92 

~~ ~ 

81017692 I WO-11 I B103746CH I WB I 6 

81017392 
81017392 

~~ ~~ 

81017692 I WO-11 I B103747CH I WB 1 6 

WN-13 B103742CH WB 3 RA,RB,RC,M 30-Sep-92 
WN-13 B103743CH MIN 4 RA,RB,RC,M 30-Sep-92 

~~ ~~~ 

81017692 I WO-11 I B103748CH 1 MIR 1 7 

RA, RB, RC, M 
RA, RB, RC, M 
RA, RB, RC, M 
RA, RB, RC, M 
RA, RB, RC, M ~ 

RA, RB, RC, M 
RA, RB, RC, M 
RA, RB, RC, M 
RA, RB, RC, M 

~~ 

-81017692 I WO-11 I B103749CH 1 MIR I - - -  7 

22-JuI-92 
17-JuI-92 

08-Oc1-92 
22- JuI-92 
08-Oct-92 
08-0~1-92 
07-Oct-92 
07-at-92 
22-JuI-92 

~~ 

81017692 I WO-11 I B103750CH 1 MIL ~ 7 
~ ~~ 

81017692 I WO-11 I B103751CH I M/R 1 7 
~~ ~ 

61017692 I WO-11 I B103752CH I MIL 1 7 
~~ 

81017792 I WO-12 I B103753CH 1 WB I 6 



Location 
Code 

81017792 

Date Tissue Common Analysis Bottle Code Collected Work Plan Sample 
ID Number Code Group 

WO-12 B103754CH WB 6 RA, RB. RC. M 22-JuI-92 
81017792 
81017792 
81017792 
BlOl7792 

~ 

WO-12 B103755CH WB 6 RA,RB,RC,M 07-Oc1-92 
WO-12 B103756CH M/R 7 RA, RBI RC, M 07-Oct-92 
WO-12 B103757CH MI1 7 RA, RBI RC, M 1 7-JuI-92 
WO-12 B103758CH M/L 7 RA, RB. RC. M 07-0ct-92 

B103759CH 
B103760CH 
B103761CH 

WB 2 RA,RB,RC,M 19-Oct-92 
WB 2 RA, FIB, RC, M 14-OC1-92 
WB 2 RA, RB, RC, M 30-JuI-92 

WBX 
WB 

WBX 
WB 
WB 
WB 

10 RA, RB, RC, M 13-oC1-92 
11 RA, RBI RC, M 14-0~1-92 
1 RA, RB, RC, M 19-Oct-92 
2 RA, RBI RC, M 14-Oct-92 
2 RA, RB, RC, M 30-JuI-92 
3 RA, RB, RC, M 14-Oct-92 

WO-14 
WO-15 
WO-15 
WO-15 
WO-15 
WO-15 
WO-15 

B103769CH 
B10377OCH 
BI03771 CH 
B103772CH 
B103773CH 
B103774CH 
B103775CH 

WB 
WB 

8 RA, RBI RC, M 14-oC1-92 
8 RA, RB. RC. M 30-JuI-92 

B103779CH 
B103780CH - 
8103781 CH 
B103782CH 
B103783CH 
B103784CH 
B103785CH 
B103786CH 

~~ ~ 

WBX 10 RA, RB, RC, M 14-Oct-92 
WB 11 RA, RB, RC, M 19-Oct-92 
WB 2 RA, RB, RC, M 19-Oct-92 
WB 2 RA, RBI RC, M 30-JuI-92 
WB 3 RA, FIB, RC, M 19-Oct-92 
WB 8 RA, RB, RC, M 30-JuI-92 

WBX 1 RA, RBI RC, M 30-JuI-92 
WB 3 RA, RB, RC, M 14-Oct-92 

Table G10 
Summary of Fish Tissue Sampling 

STANDLEY LAKE 

BlOl8192 I WO-14 
81018192 I WO-14 I B103762CH I WB I 3 IRA, RB, RC. M I 14-Oct-92 
81018192 I WO-14 I B103764CH I WB I 8 IRA. RB, RC, M I 14-oc1-92 
81018192 I WO-14 I B103765CH I WB I 8 IRA, RB. RC. M I 29-Jul-92 
81018192 I WO-14 I B103766CH I M I.. . 9 IRA. RB. RC. M I 14-Oct-92 
81018192 I WO-14 I B103767CH I WB 1 10 IRA. RB. RC. M I 13-Oct-92 
BlOl8192 WO-14 I B103768CH 
8101 81 92 
BlOl8292 
8101 8292 
BlOl8292 
BlOl8292 
BlOl8292 
BlOl8292 
81018292 I WO-15 I B103776CH I M I 9 IRA. RB. RC. M I 14-013-92 
81018292 I WO-15 I B103777CH I WB I 10 IRA. RB;RC. M I 19-Oct-92 
BlOl8292 WO-15 

~~ ~ 

B103778CH I WB 1 10 IRA. RB. RC. M 1 30-Jul-92 
8101 8292 WO-15 
8101 8292 
BlOl8392 
BlOl8392 
8101 8392 
BlOl8392 
BlOl8492 

WO-15 
WO-17 
WO-17 
WO-17 
WO-17 
WO-16 
WO-16 81018492 

81018492 I WO-16 I B103787CH I WB I 8 IRA, RB, RC. M I I 31-Jul-92 
81018492 I WO-16 1 B103788CH I WB I 10 IRA, RB. RC. M I 31-Jul-92 



Location 
Code 

BlOl8492 
81018492 

0 Date Common Analysis Bottle Code Collected Work Plan Sample 
ID Number Code Group 

I 

WB 10 RA, RB, RC, M 14-Oc1-92 
WO-16 B103790CH WB 10 RA, RB, RC, M 14-Oc1-92 
WO-16 B103789CH 



> 

Table G11 
Summary of Benthos Sampling 

Location Code 

\ 

Sample Sample Analysis Date Collected Number Work Plan ID Matrix 

81015192 WN-3 0 BENTHOS B103600CH 
810 15 1 92 WN-3 R1 BENTHOS B103601CH 
8101 51 92 WN-3 R2 BENTHOS B103602CH 

SPEC. / ENUM. 08-JuI-92 
SPEC. / ENUM. 08-Jut-92 
SPEC. / ENUM. 08-JuI-92 

81015292 I wo-2 0 I BENTHOS I B103603CH (SPEC. / ENUM. 13-JuI-92 
8101 5292 
BlOl5292 

I 81017192 I WN-110 I BENTHOS I B103609CH 1SPEC.I ENUM. I 11 -Jul-92 I 

~ 

WO-2 R1 BENTHOS B103604CH SPEC. / ENUM. 13-JuI-92 
WO-2 R2 BENTHOS B103605CH SPEC. / ENUM. 13-JuI-92 

I 

BIG DRY CREEK 
81015392 I wo-3 0 1 BENTHOS I B103606CH )SPEC. / ENUM. 09-JuI-92 
8101 5392 
8101 5392 

WO-3 R1 BENTHOS B103607CH SPEC. / ENUM. 09-Jut-92 
WO-3 R2 BENTHOS B103608CH SPEC. / ENUM. 09-JuI-92 

81017192 I WN-110 I BENTHOS I B103562CH (SPEC. / ENUM. 29-Sep-92 

BIOl7192 
BlOl7192 

WN-11 R1 BENTHOS B103563CH SPEC. / ENUM. 29-Sep-92 
WN-11 R1 BENTHOS B10361OCH . SPEC. / ENUM. 1 1-JuI-92 

I I 

8101 71 92 

81017292 

8101 7292 

8101 71 92 

8101 7292 

WN-11 R2 BENTHOS B103564CH SPEC. / ENUM. 29-Sep-92 

WN-12 0 BENTHOS B103565CH SPEC. / ENUM. 29-Sep-92 

WN-12 R l  BENTHOS B103566CH SPEC;/ ENUM. 29-Seo-92 

WN-11 R2 BENTHOS 810361 1CH SPEC. / ENUM. 11 -Jul-92 

WN-12 0 BENTHOS B103612CH SPEC. / ENUM. 11 -Jul-92 

BlOl7292 
8101 7292 

WN-12 R1 BENTHOS B103613CH SPEC. / ENUM. 1 1-JuI-92 
WN-12 R2 BENTHOS B103567CH SPEC. / ENUM. 29-S~D-92 

BlOl7292 
BlOl7392 

WN-12 R2 BENTHOS B103614CH SPEC. / ENUM. 11 -Jul-92 
WN-13 0 BENTHOS B103568CH SPEC. / ENUM. 29-Sew92 

BlOl7392 
8101 7392 

WN-13 0 BENTHOS B103615CH SPEC. / ENUM. 11 3ul-92 
WN-13 R1 BENTHOS B103569CH SPEC. / ENUM. 29-Sew92 

BlOl7392 
81017392 
8101 7392 

WN-13 R1 BENTHOS B103616CH SPEC. / ENUM. 1 13~1-92 
WN-13 R2 BENTHOS B103570CH SPEC. / ENUM. 29-Sep-92 
WN-13 R2 BENTHOS 810361 7CH SPEC. / ENUM. 11 -Jul-92 

81017692 I wo-110 1 BENTHOS I Bt0357lCH ISPEC. / ENUM. 06-Oct-92 
8101 7692 
8101 7692 
81017692 
8101 7692 

wo-11 0 BENTHOS B103574CH SPEC. / ENUM. 06-Oct-92 
wo-11 0 BENTHOS B103618CH SPEC. / ENUM. 1 7-JuI-92 
wo-11 0 BENTHOS 8103621 CH SPEC. / ENUM. 1 7-JuI-92 
WO-11 R1 BENTHOS B103572CH SPEC. / ENUM. 06-Oct-92 



Table C-11 
Summary of Benthos Sampling 

SPEC. / ENUM. 
SPEC. / ENUM. 

. .. 

069Ct-92 
17Jul-92 

LocationCodel WorkPlanID I Matrix I I SampleAnalysis I DateCollected I 

BlOl7792 
81017892 

81017792 I WO-12R2 I BENTHOS I B103579CH 
WO-12 R2 BENTHOS B103626CH 
WO-13 0 BENTHOS B103580CH 

81017892 
8101 7892 
Bu) 1 7892 
81017892 
BlOl7892 

~ 

WO-13 0 BENTHOS B103627CH SPEC. / ENUM. 17Jul-92 
WO-13 R l  BENTHOS 8103581 CH SPEC. / ENUM. 069Ct-92 
WO-13 R1 BENTHOS B103628CH SPEC. / ENUM. 17-JUl-92 
WO-13 R2 BENTHOS B103582CH SPEC. / ENUM. 06-OCA-92 
WO-13 R2 BENTHOS B103629CH SPEC. / ENUM. 1 7-Jul-92 

SPEC. / ENUM. I 06-oc1-92 I 

81018192 
BlOl8192 
81018192 
8101 81 92 
BlOl8192 
8101 81 92 

WO-14 0 BENTHOS B103583CH SPEC. / ENUM. 13-oC1-92 
WO-14 0 BENTHOS B103630CH SPEC. / ENUM. 29-Jul-92 
WO-14 0 BENTHOS - - B103633CH - SPEC. / ENUM. 29-Jul-92 
WO-14 R1 BENTHOS B103584CH SPEC. / ENUM. 13-oC1-92 
WO-14 R1 BENTHOS B103631CH SPEC. / ENUM. 29-Jul-92 
WO-14 R1 BENTHOS B103634CH SPEC. / ENUM. 29-Jul-92 

8101 81 92 
8101 81 92 
BlOl8192 

WO-14 R2 BENTHOS B103585CH SPEC. / ENUM. 1 3-OCA-92 
WO-14 R2 BENTHOS B103632CH SPEC. / ENUM. 29-Jul-92 
WO-14 R2 BENTHOS B103635CH SPEC. / ENUM. 29-Jut-92 

8101 8292 
8101 8292 
Blot 8292 
81018292 
8101 8292 
81018392 

WO-15 0 BENTHOS B103636CH SPEC. / ENUM. 30-Jul-92 
WO-15 R l  BENTHOS B103587CH SPEC. / ENUM. 13-OC1-92 
WO-15 R1 BENTHOS --B103637CH SPEC. / ENUM._ 30Jul-92 
WO-15 R2 BENTHOS B103588CH SPEC. / ENUM. 13-at-92 
WO-15 R2 BENTHOS B103638CH SPEC. / ENUM. 30-Jul-92 
WO-17 0 BENTHOS B103589CH SPEC. / ENUM. 13-Oct-92 

8101 8392 
8101 8392 a WO-17 0 BENTHOS B103639CH SPEC. / ENUM. 29-JuI-92 

WO-17 R1 BENTHOS B103590CH SPEC. / ENUM. 13-Oct-92 



Table C-1 1 
Summary of Benthos Sampling 

WO-16 0 
WO-16 R l  

e 

BENTHOS B103642CH SPEC. / ENUM. 05-Aut92 
BENTHOS B103593CH SPEC. I ENUM. 14-OC1-92 

Location Code 

WO-16 R l  
WO-16 R2 

BlOl8392 
8101 8392 

BENTHOS B103643CH SPEC. / ENUM. 05-Aug92 
BENTHOS B103594CH SPEC. / ENUM. 14-Oct-92 

8101 8392 
8101 8492 
8101 8492 
8101 8492 
8101 8492 
BlOl8492 
BlOl8492 

WorkPlanID I Matrix I z:t I SampleAnalysis I DateCollected 

WO-17 R1 BENTHOS B103640CH SPEC. / ENUM. 29-JuI-92 
WO-17 R2 BENTHOS B103591CH SPEC. / ENUM. 136c1-92 

I I I - --. _ _  

WO-17 R2 I BENTHOS I B103641CH ISPEC./ ENUM. I 29-JuI-92 
WO-160 I BENTHOS I B103592CH ISPEC./ENUM. I 146c1-92 

WO-16 R2 I , BENTHOS I B103644CH ISPEC./ ENUM. I ~~ 05-AUO-92 



Table C-12 
Summary of Periphyton Sampling 

Locationcode Comments Date 
Collected Sample Analysis Sample 

Number Matrix 

GREAT WESTERN RESERVOIR 

81019192 PERIPHMON B103650CH ALGAL DENSITY / BIOMASS /TAXONOMY 1 1 - S e w  REFERENCE SITE 

81019292 PERIPHYTON B103651CH ALGAL DENSITY I BIOMASS /TAXONOMY 1 1 -Sep42 

81019392 PERIPHYTON B103652CH ALGAL DENSITY / BIOMASS /TAXONOMY 1 1-Sep-92 

MOWER RESERVOIR 

81019492 PERIPHMON B103653CH ALGAL DENSITY / BIOMASS /TAXONOMY 1 1 -sap42 
I I I I I 

81019592 

81019692 

PERIPHYTON B103654CH ALGAL DENSITY / BIOMASS /TAXONOMY 1 1-Sep-92 

PERIPHYTON B103655CH ALGAL DENSITY / BIOMASS /TAXONOMY 1 1 - S e ~ 9 2  

...... . _ . - . .  - - -  . .  

BIOI9792 

BIOI9892 

81019992 

PERIPHYTON B103656CH ALGAL DENSITY / BIOMASS /TAXONOMY 1 1-Sep-92 

PERIPHYTON B103657CH ALGAL DENSITY / BIOMASS /TAXONOMY 1 1 - S e ~ 9 2  

PERIPHYTON B103658CH ALGAL DENSITY / BIOMASS /TAXONOMY 11-Sep-92 



Table C-13 
Summary of Bioassay Sampling 

4 

Date 
collected Sample Sample Analysis Location WorkPlan 

Code ID Number 
WALNUT CREEK 
~ 

SED00392 WN-3 SED B103803CH 
SED00392 WN-3 SED SD06031 CH 

TOXICITY 13-Aut92 
SPECIFIC GRAVITY /GRAIN SIZE 1 3-Aua-92 

~~ 

SED00392 r WN-3 1 SED 1 SD06031CH 
SED00392 WN-3 SW B103804CH 
SED00392 WN-3 SW B103804CH 
SED00392 WN-3 SW B103804CH 
SED00392 WN-3 SW B103814CH 

TOXICITY-1 1 4-Au~-92 
TOXICITY-2 02-S~D-92 

WN-3 I SW 1 B103814CH TOXICITY-2 03-Sep-92 
TOXICITY-2 04-Sep-92 SED00392 I WN-3 I SW I B103814CH 

USGS STA CODE 
SED01392 SED 810381 1 CH 
SED01392 SED SD06035CH 
SED01392 SED SD06035CH 
SED01392 SW B103812CH 
SED01392 SW B103812CH 
SED01 392 SW B103812CH 

TOXICITY 1 3-Au~-92 
SPECIFIC GRAVITY /GRAIN SIZE 13-AUQ-92 
TOC 13-Aug-92 
TOXICITY-1 1 O-A~a-92 
TOXICITY-1 1 2-Aug-92 
TOXICITY-1 1 4-Aua-92 

SED01392 I I SW I B103816CH TOXICITY-2 02-Sep-92 
TOXICITY-2 03-Sew92 SED01392 SW B103816CH 

SED01 392 SW B103816CH 

SED02092 I WO-2 I SED I B103805CH 
WOMAN CREEK 

TOXICITY-2 

TOXICITY I 13-Aua-92 
SPECIFIC GRAVITY / GRAIN SIZE 13-Aut92 
TOC 1 3-AUQ-92 

SED02092 WO-2 SED SD06032CH 
SED02092 WO-2 SED SD06032CH 

~ ~~~ 

SED02092 1 WO-2 I SW I B103806CH 
SED02092 WO-2 SW B103806CH 
SED02092 WO-2 SW B103806CH 14-A~n-92 

TOXICITY-2 02-Sep-92 
TOXICITY-2 03-Sep-92 

SED02092 WO-2 SW B103815CH 
SED02092 WO-2 SW B103815CH 
SED02092 I WO-2 I SW I B103815CH ITOXICITY-2 I 04-S~D-92 

BIG DRY CREEK I 
SED02592 WO-3 SED B103801CH TOXICITY 13-Aug-92 
SED02592 WO-3 SED SD06030CH SPECIFIC GRAVITY /GRAIN SIZE 13-Aut92 

SED02592 WO-3 SED SD06030CH TOC 13-Aut92 



-1 

SEDl 51 92 
SED151 92 

Table 6 1 3  
Summary of Bioassay Sampling 

WO-11 SW B103808CH TOXICITY-1 12-AUCJ-92 
WO-11 SW B103808CH TOXICITY-1 14-Aua-92 

SED15292 
SED15292 

WO-12 SED B103809CH TOXICITY 13-AUCJ-92 
WO-12 SED SD06034CH SPECIFIC GRAVITY / GRAIN SIZE 13-Aua-92 

SED15292 
SED15292 

WO-12 SED SD06034CH TOC 13-Aug-92 
WO-12 SW B10381OCH TOXICITY-1 10-Aua-92 

... 

~- 

SED15292 WO-12 SW B10381OCH TOXICITY-1 12-Aug-92 
SEDl 5292 WO-12 SW 810381 OCH TOXICITY-1 14-AUCJ-92 

REFERENCE STATlON 

SEDREF92 SED B103813CH TOXICITY 1 3-A~g-92 
SED REF92 SED ~SD06036CH SPECIFIC GRAVITY / GRAIN SIZE 13-AUCJ-92 

J SEDREF92 SED SD06036CH TOC 13-Aug-92 

. . - -  .. .. . . - -  - 
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Rocky Flats Envimnmental Technology Site 
Draft RFIZUI Operable Unit 3 

Appendix D presents a statistical summary of OU 3 data and benchmark data for soil, sediment, surface 
water, and groundwater. The summary statistics for each analyte by IHSS and type include: number of 
detects, number of samples, frequency of detection, minimum and maximum nondetected values, 
minimum and maximum detected values, arithmetic mean, standard deviation, and coefficient of 
variation. 

@ 

Following is a list of summary s'tatistics of OU 3 data with a comparison to benchmark data. The tables 
are grouped by media, IHSS, and type (lake or creek). 

I Table D-1 Summary Statistics for OU 3 Surface Sediments; Comparison to Benchmark Data 

I. 

Table D-2 

Table D-3 

Summary Statistics for OU 3 Subsurface Sediments; Comparison to Benchmark Data 

Summary Statistics for OU 3 Surface Water; Comparison to Benchmark Data 

Table D-4 

Table D-5 

Table D-6 

Summary Statistics for OU 3 Groundwater; Comparison to Benchmark Data 

FWP OU 3 Trench Data Summary Statistics 

MSS 199 RFIAU Surface-Soil Samples 

Y 

Table D-7 Remedy Lands Surface-Soil Samples 

e 
D-1 



Table D-1 
SUMMARY STATISTICS FOR OU 3 SURFACE SEDIMENTS 

COMPARISON TO BENCHMARK DATA 

Number Number Frequency Minimum Maximum Minimum Maxlmum Coefficient 
Lake or of of of Nondetected Nondetected Detected Detected Standard of 

Chemical Name Unlt Data Source Creek Area Detects Samples Detectlon Value Value value Value Mean Devlatlon Varlation 
METALS 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 

BGCR 
IHSS 200 
IHSS 201 
IHSS 202 
LOWRY 
CC-BM 
IHSS 200 
IHSS 201 ' 

IHSS 202 

CREEK 
CREEK 
CREEK 
CREEK 
CREEK 
LAKE 
LAKE 
LAKE 
LAKE 

B 59 59 1 .oo 
S 8  8 1 .oo 
S 14 14 1 .oo 
s 4  4 1 .oo 
0 
B 
S 36 36 1 .oo 
s 43 43 1 .oo 
S 15 15 1 .oo 

549.00 
2220.00 
1900.00 
9110.00 

96700.00 
4530.00 

852.00 
7480.00 

25200.00 5887.610 
13800.00 8233.750 
33200.00 8030.714 
15200.00 11227.500 
32100.00 13959.330 
96700.00 
20800.00 10910.833 
23500.00 9834.814 
18300.00 14370.000 

4912.73 
3848.05 0.47 
7958.47 0.99 
2718.15 0.24 
7080.88 

4212.31 0.39 
6623.01 0.67 
3096.10 0.22 

ANTIMONY mgkg BGCR CREEK B 0.80 12.40 3.290 2.73 

ANTIMONY mgkg lHSS200 CREEK S 5 8 0.63 1 .80 2.40 6.50 11.30 6.469 3.84 0.59 

ANTIMONY mgkg lHSS201 CREEK S 1 13 0.08 2.30 6.70 6.40 6.40 3.708 1.60 0.43 

ANTIMONY mgkg lHSS202 CREEK S 1 4 0.25 5.25 6.15 16.50 16.50 8.300 5.48 0.66 

ANTIMONY mgkg lHSS200 LAKE S 6 15 0.40 2.40 3.10 5.90 13.20 5.017 3.49 0.70 

ANTIMONY mgkg lHSS202 LAKE S 1 6 0.17 4.60 44.40 17.30 17.30 14.858 15.23 1.03 
ANTIMONY mgkg lHSS201 LAKE S 3 * 21 0.14 1.75 7.55 4.90 6.90 3.181 1.72 0.54 

ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 

BARIUM 
BARIUM 
BARIUM 

BGCR CREEK 
IHSS 200 CREEK 
IHSS 201 CREEK 
IHSS 202 CREEK 
LOWRY CREEK 
CCBM LAKE 
IHSS 200 LAKE 
IHSS 201 LAKE 
IHSS 202 LAKE 
RMNP-BM (L. Husted) LAKE 
RMNP-BM (L. Louise) LAKE 
RMNP-BM (L. Haiyaha) LAKE 
RMNP-BM (The Loch) LAKE 

BGCR CREEK 
IHSS 200 CREEK 
IHSS 201 CREEK 

B 53 59 0.90 
S 8  8 1 .oo 
S 14 14 1 .oo 
s 4  4 1 .oo 
B 
0 
S 36 36 1 .oo 
s 43 43 1 .oo 
S 15 15 1 .oo 
B 
B 
B 
0 

0 57 57 1 .oo 
s a  8 1 .oo 
S 14 14 ' 1.00 

0.20 
3.70 
2.20 
3.00 

5.57 
2.60 
1.20 
2.20 

10.60 
78.60 
85.00 

17.30 
9.40 
7.80 
6.80 

16.50 
5.57 
9.40 

17.70 
10.40 

244.00 
243.00 
329.00 

2.410 
5.313 
4.764 
4.875 
4.810 

4.906 
6.963 
5.147 
2.500 
2.500 
8.400 
1 A00 

77.910 
136.713 
150.714 

2.45 
1.85 
1.53 
1.56 
3.95 

1 .a6 
4.34 
1.96 
0.20 
0.30 
0.20 
0.20 

56.38 
50.49 
59.75 

0.35 
0.32 
0.32 

0.30 
0.62 
0.38 

0.37 
0.40 



Table D-1 
SUMMARY STATISTICS FOR OU 3 SURFACE SEDIMENTS 

COMPARISON TO BENCHMARK DATA 
- - 

I Number Number Frequency Mlnlmum Maximum Mlnlmum Maxlmum c-mcient 
Lake or of of of Nondetected Nondetacted Detected Detected Standard of , 

Chemlcal Name UnH Data Source Creek Area Detects Samples Detection Value Value value Value Mean Devlatkn VarlaUon 
BARIUM mgkg lHSS202 CREEK S 4 4 1 .oo 81.50 296.00 150.950 100.64 0.67 
BARIUM mgkg LOWRY CREEK B 440.00 220.640 76.59 

BARIUM mgikg lHSS200 LAKE S 36 36 1 .oo 38.20 190.00 128.989 38.71 0.30 
BARIUM mgkg lHSS201 LAKE S 43 43 1 .oo 10.80 196.00 101.372 56.65 0.56 

BARIUM mgkg CC-BM LAKE B 591.00 591.00 

BARIUM mgkg lHSS202 LAKE S 15 15 1 .oo 103.00 250.00 173.000 47.92 0.28 

BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 

* BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 

CADlWlUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

BGCR CREEK 
IHSS 200 CREEK 
IHSS 201 CREEK 
IHSS 202 CREEK 
LOWRY CREEK 
CC-BM LAKE 
IHSS 200 LAKE 
IHSS 201 LAKE 
IHSS 202 LAKE 
RMNP-BM (L. Husted) LAKE 
RMNP-BM (L. Louise) LAKE 
RMNP-BM (L. Haiyaha) LAKE 
RMNP-BM (The Loch) LAKE 

BGCR CREEK 
IHSS 200 CREEK 
IHSS 201 CREEK 
IHSS 202 CREEK 
LOWRY CREEK 
CC-BM LAKE 
IHSS 200 LAKE 
IHSS 201 LAKE 
IHSS 202 LAKE 
RMNP-BM (L. Husted) LAKE 
RMNPaM (L. Louise) LAKE 
RMNP-BM (L. Haiyaha) LAKE 
RMNP-BM (The Loch) LAKE 

B 27 57 0.47 
S 8  8 1 .oo 
S 14 14 1 .oo 
S 3 3 1 .oo 
B 
B 
S 36 36 1 .oo 
s 39 43 0.91 
S 13 14 0.93 
B 
B 
B 
B 

0 6  51 0.12 
s 3  8 0.38 
s 7  14 0.50 
S 4 
B 
B 
S 14 36 0.39 
s 22 37 0.59 
S 8 
B 
B 
B 
B 

CALCIUM mgkg BGCR CREEK B 58 59 0.98 
CALCIUM mgkg lHSS200 CREEK S 8 8 1 .oo 

1 .so 
0.24 
0.22 
0.41 

4.03 
0.37 

0.06 0.07 0.15 
1 .oo 1 .oo 0.54 

0.13 
0.22 0.31 0.41 
0.21 0.75 0.77 
0.47 0.95 

0.05 
0.20 0.45 0.58 
0.18 0.30 0.54 
0.35 3.95 

1.30 
1.60 
1 .so 
1.40 
2.10 
4.03 
1.40 
1.60 
1 .so 

0.660 
0.851 
0.577 
0.783 
1.040 

0.850 
0.700 
1.061 
3.900 
5.000 
9.300 
7.400 

1.30 0.540 
1.60 0.590 
6.30 1 302 

0.593 
3.80 1.040 
0.05 
1 .70 0.568 
5.00 1.719 

0.986 
0.700 
0.500 
0.340 
0.320 

1.69 
0.38 0.45 

0.54 0.69 
0.48 

0.31 0.54 

0.27 0.31 
0.47 0.67 
0.27 0.25 
1 .oo 
3.00 
1.10 
1.30 

0.36 
0.57 0.96 
1.79 0.99 
0.24 0.40 
0.99 

0.43 0.76 
1.60 0.93 
1.22 1.23 
0.04 
0.30 
0.03 
0.05 

93.50 17100.00 3658.240 4663.60 
1570.00 18300.00 7762.500 5522.52 0.71 , 

I :  



Table D-1 
SUMMARY STATlSTlCS FOR OU 3 SURFACE SEDIMENTS 

COMPARISON TO BENCHMARK DATA 

Number Number Frequency Mlnlmum Maxlmum Minimum Maximum coemdent 
Lake or of of of Nondetected Nondetected Detected Detected Standard of 

Chemical Name Unit Data Source Creek Area Detects Samples Detectlon Value Value value Value Mean Devlatlon Variation 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 

CESIUM 
CESIUM 
CESIUM 
CESIUM 
CESIUM 
CESIUM 
CESIUM 

CHROMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 

COBALT 
COBALT 
COBALT 
COBALT 
COBALT 
COBALT 
COBALT 
COBALT 
COBALT 

IHSS 201 CREEK 
IHSS 202 CREEK 
c c a M  LAKE 
IHSS 200 LAKE 
IHSS 201 LAKE 
IHSS 202 LAKE 
RMNP-BM (L. Husted) LAKE 
RMNP-BM (L. Louise) LAKE 
RMNP-BM (L. Haiyaha) LAKE 
RMNPaM (The Loch) LAKE 

mgkg BGCR CREEK 
mgkg lHSS200 CREEK 
mgkg lHSS201 CREEK 
mgkg lHSS202 CREEK 
mgRg lHSS200 LAKE 
mgkg lHSS201 LAKE 
mgkg lHSS202 LAKE 

BGCR 
IHSS 200 
IHSS 201 
IHSS 202 
LOWRY 
IHSS 200 
IHSS 201 
IHSS 202 

BGCR 
IHSS 200 
IHSS 201 
IHSS 202 
LOWRY 
CGBM 
IHSS 200 
IHSS 201 
IHSS 202 

CREEK 
CREEK 
CREEK 
CREEK 
CREEK 
LAKE 
LAKE 
LAKE 

CREEK 
CREEK 
CREEK 
CREEK 
CREEK 
LAKE 
LAKE 
LAKE 
LAKE 

S 
S 
B 
S 
S 
S 
B 
B 
B 
B 

B 
S 
S 
S 
S 
S 
S 

B 
S 
S 
S 
B 
S 
S 
S 

B 
S 
S 
S 
B 
B 
S 
S 
S 

14 
4 

36 
43 
15 

10 

3 
3 
9 

1 

47 
6 
14 
4 

36 
40 
14 

43 
8 
14 
4 

36 
43 
14 

14 
4 

36 
43 
15 

56 
8 
14 
4 
36 
37 
9 

59 
8 
14 
4 

36 
43 
15 

59 
8 
14 
4 

36 
43 
15 

1 .oo 
1 .oo 

1 .oo 
1 .oo 
1 .oo 

0.18 

0.21 
0.75 
0.25 

0.11 

0.80 
0.75 
1 .oo 
1 .oo 

1 .oo 
0.93 
0.93 

0.23 
1 .oo 
1 .oo 
1 .oo 

1 .oo 
1 .oo 
0.93 

44.95 
6.95 

126.50 
6.90 
5.80 
1.25 

0.19 

0.22 
4.40 

5.85 

66.50 
104.50 
126.50 
78.50 
71 .OO 
15.75 

0.27 

0.24 
4.40 

5.85 

911.00 
6480.00 

12.00 
3260.00 
427.00 

7050.00 

3.10 
1 .eo 

14.10 

69.80 

0.48 
2.40 
2.70 
6.80 

3.70 
0.89 
5.10 

0.30 
4.50 
2.90 
6.30 

21.30 
3.50 
1.30 
4.40 

75000.00 
59400.00 

12.00 
33900.00 
90100.00 
42000.00 

157.00 

19.90 
2.00 

29.70 

69.80 

29.70 
12.70 
31.90 
17.00 
22.90 
19.80 
21.40 
22.10 

15.00 
23.30 
10.90 
9.60 

14.00 
21.30 
13.50 
13.20 
15.30 

13887.214 
22077.500 

7465.000. 
8091.930 

15209.333 
26.000 
34.100 
54.000 
47.000 

69.290 
53.381 

33.050 
36.006 
26.968 
14.744 

8.130 
4.894 
8.807 

12.650 
12.350 
10.947 
9.897 

14.800 

5.040 
11.250 
7.900 
7.825 
9.200 

8.664 
7.049 
8.357 

40.850 

20983.28 
25024.06 

5909.62 
14021 3 9  
8374.69 

1 .oo 
0.10 
5.00 
6.00 

63.88 
8.03 

32.84 
62.30 
26.06 
25.39 
21.57 

7.42 
4.61 
7.14 
5.12 
5.54 
3.79 
6.91 
5.14 

3.29 
6.00 
2.20 
1.36 
2.86 

2.03 
3.53 
2.55 

1.51 
1.13 

0.79 
1.73 
0.55 

0.15 
0.80 
1 .89 
0.72 
0.94 
1.46 

0.94 
0.81 
0.41 

0.35 
0.70 
0.35 

0.53 
0.28 
0.17 

0.23 
0.50 
0.31 



Table D-1 
SUMMARY STATISTICS FOR OU 3 SURFACE SEDIMENTS 

COMPARISON TO BENCHMARK DATA 
I 

Number Number Frequency Mlnlmum Maxlmum Mlnlmum Maximum coemcient 
Lake or of of of Nondetetted Nondetected Detected Detected Standard of 

Chemical Name Unit Data Source Creek Area Detects Samples Detection Value Value value Value Mean Devlatbn Varlatlon I 
COPPER mgkg BGCR CREEK B 43 59 0.73 10.15 36.70 10.150 7.86 
COPPER mgkg lHSS200 CREEK S 8 8 1 .oo 8.90 37.50 20.525 8.20 0.40 

COPPER mgkg lHSS202 CREEK S 4 4 1 .oo 7.30 18.20 11.125 4.83 0.43 

COPPER mgkg CC-BM LAKE B 43.40 43.40 

COPPER mgkg lHSS201 LAKE S 43 43 1 .oo 1.20 183.00 67.919 64.90 0.96 
COPPER mgkg lHSS202 LAKE S 14 15 0.93 11.65 11.65 11.10 50.10 26.797 12.47 0.47 

COPPER mgkg lHSS201 CREEK S 14 14 1 .oo 12.90 52.30 30.293 13.27 0.44 

COPPER mgkg LOWRY CREEK B 48.30 17.580 8.98 

COPPER mgkg lHSS200 LAKE S 36 36 1 .oo 8.10 129.00 48.567 37.57 0.77 I 

CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 

mgkg lHSS201 CREEK 
mgkg lHSS201 LAKE 
mgkg lHSS200 LAKE 
mgikg lHSS202 LAKE 

S 3 
s 21 
S 21 
S 6 

0.330 0.445 
0.305 1.250 
0.70 0.800 
0.600 0.90 

0.382 0.058 
0.440 0.199 
0.526 0.150 
0.767 0.121 

IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 

BGCR 

IHSS 201 

CC-BM 
IHSS 200 
IHSS 201 
IHSS 202 
RMNP4M (L. Husted) 
RMNP-BM (L. Loulse) 
RMNP-BM (L. Hdyaha) 
RMNP-BM (The Loch) 

IHSS 200 

IHSS 202 

CREEK 
CREEK 
CREEK 
CREEK 
LAKE 
LAKE 
LAKE 
LAKE 
LAKE 
LAKE 
LAKE 
LAKE 

B 59 59 
S 8  8 
S 14 14 
s 4  4 
B 
S 36 36 
s 43 43 
s 15 15 
B 
B 
B 
B 

1 .oo 
1 .oo 
1 .oo 
1 .oo 

1040.00 
9430.00 
5670.00 

14300.00 
49700.00 
4670.00 
3100.00 

10800.00 

31 400.00 
51700.00 
26600.00 
27000.00 
49700.00 
53900.00 
28300.00 
48000.00 

8852.630 
25816.250 
15397.857 
19200.000 

6263.19 
14443.51 
5232.17 
5832.67 

0.56 
0.34 
0.30 

1 .oo 
1 .oo 
1 .oo 

16888.333 
14866.512 
19886.667 
1600.000 
2400.000 
6200.000 
2300.000 

8712.93 
6835.61 
8631.99 

40.00 
100.00 
900.00 
300.00 

0.52 
0.46 
0.43 

BGCR 
IHSS 200 
IHSS 201 
IHSS 202 
LOWRY 
CC-BM 
IHSS 200 
IHSS 201 
IHSS 202 
RMNP-BM (L. Husted) 
RMNP-BM (L. Louise) , 

CREEK 
CREEK 
CREEK 
CREEK 
CREEK 
LAKE 
LAKE 
LAKE 
LAKE 
LAKE 
LAKE 

B 59 59 
S 8  8 
s 14 14 
s 4  4 
B 
B 
S 36 36 
s 43 43 
S 15 15 
B 
B 

1 .oo 
1 .oo 
1 .oo 
1 .oo 

2.10 
5.30 

17~20 
12.30 

244.00 
36.20 
91.40 
21.60 

380.00 
55.00 
88.20 

317.00 
40.80 

22.020 
18.513 
38.450 
16.775 
28.290 

36.79 
9.36 

2 1.06 
3.81 

66.79 

LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 

0.51 
0.55 
0.23 

55.00 
13.00 
2.90 

14.50 

1 .oo 
1 .oo 
1 .oo 

31.372 
63.747 
29.987 

18.61 
67.1 1 

7.75 

0.59 
1.05 
0.26 

43.000 0.00 



Table D-1 
SUMMARY STAllSTlCS FOR OU 3 SURFACE SEDIMENTS 

COMPARISON TO BENCHMARK DATA 

Number Number Frequency Minimum Maximum Minimum Maximum coefficient 
Lake or of O f  of Nondetected Nondetected Detected Detected Standard of , 

Mean Dsvlatbn Varlatlon Chemical Name Unk Data Source Creek Area Detects Samples Detection Value Value value Value 
LEAD mgkg RMNP-BM (L. Haiyaha) LAKE B 26.000 2.00 
LEAD mg/kg RMNP-BM(TheLoch) LAKE B 14.000 2.00 

LITHIUM mgkg BGCR CREEK B 41 57 0.72 1.15 20.20 7.480 5.26 
LITHIUM mgkg lHSS200 CREEK S 8 8 1 .oo 1 .a0 11.50 6.650 3.19 0.48 
LITHIUM mgkg lHSS201 CREEK S 14 14 1 .oo 2.10 34.60 8.207 8.31 1.01 
LITHIUM mgkg lHSS202 CREEK S 4 4 I 1.00 7.10 16.20 9.475 4.49 0.47 
LITHIUM mgkg lHSS200 LAKE S 36 36 1 .oo 3.10 17.60 8.958 3.09 0.34 
LITHIUM mg/kg lHSS2O.l LAKE S 42 43 0.98 0.24 0.24 0.53 17.10 7.529 4.84 0.64 

LITHIUM mgkg lHSS202 , LAKE S 14 15 0.93 7.95 7.95 7.00 13.90 11.017 2.37 0.22 

MAGNESIUM mgkg BGCR CREEK B 54 59 0.92 
MAGNESIUM mgkg lHSS200 CREEK S 8 8 1 .oo 
MAGNESIUM mgkg lHSS201 CREEK S 14 14 1 .oo 
MAGNESIUM mgkg lHSS202 CREEK S 4 4 1 .oo 
MAGNESIUM mgkg lHSS200 LAKE S 36 36 1 .oo 
MAGNESIUM mgkg lHSS201 LAKE S 43 43 1 .oo 
MAGNESIUM mgkg lHSS202 LAKE S 15 - 15 1 .oo 

125.50 5850.00 1473.770 1252.57 
684.00 4180.00 2305.500 1039.53 0.45 
595.00 9480.00 2531.071 2234.40 0.88 

2270.00 4460.00 2887.500 1053.58 0.36 
1280.00 5140.00 2871.667 791.80 0.28 
197.00 6430.00 2683.442 1632.54 0.61 

2480.00 5040.00 4064.000 662.17 0.16 

MANGANESE 
MANGANESE 
MANGANESE 
MANGANESE 
MANGANESE 
MANGANESE 
MANGANESE 
MANGANESE 
MANGANESE 

BGCR ' 

IHSS 200 
IHSS 201 
IHSS 202 
LOWRY 

IHSS 200 
IHSS 201 
IHSS 202 

c c a M  

CREEK 
CREEK 
CREEK 
CREEK 
CREEK 
LAKE 
LAKE 
LAKE 
LAKE 

* B  58 59 0.98 
s a  8 1 .oo 
S 14 14 1 .oo 
s 4  4 1 .oo 
B 
B 
S 36 36 1 .oo 
s 43 43 1 .oo 
S 15 15 1 .oo 

9.00 
155.00 
83.50 

238.00 

1280.00 
1550.00 
4450.00 
1 170.00 
1560.00 
739.00 
813.00 

2080.00 
925.00 

227.820 
684.000 

1706.179 
548.000 
605.100 

215.48 
526.56 

1447.03 
423.63 
281.36 

0.77 
0.85 
0.77 

739.00 
40.50 
89.60 

148.00 

425.914 
595.379 
297.800 

211.90 
592.16 
194.93 

0.50 
0.99 
0.65 

MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 

BGCR 
IHSS 200 
IHSS 201 
IHSS 202 
LOWRY 
CC-BM 
IHSS 200 
IHSS 201 
IHSS 202 

CREEK 
CREEK 
CREEK 
CREEK 
CREEK 
LAKE 
LAKE 
LAKE 
LAKE 

B 2  49 0.04 
S 8 0.03 
s 3  14 0.21 0.03 
S 4 0.03 
B 
B 
s 4  36 0.11 0.03 

S 1 8 0.13 0.04 
s 18 42 0.43 0.00 , 

0.01 
0.07 
0.08 0.08 
0.1 1 

0.05 0.080 
0.046 
0.061 
0.045 
0.080 

0.06 
0.01 
0.03 
0.04 
0.06 

0.25 
0.51 
0.89 

0.14 

0.29 
0.06 
0.20 
0.60 
0.10 

0.06 
0.08 0.10 
0.10 0.08 
0.23 0.10 

0.063 
0.116 
0.081 

0.03 
0.12 
0.06 

0.51 
1.06 
0.77 



Table D-1 
SUMMARY STATISTICS FOR OU 3 SURFACE SEDIMENTS 

COMPARISON TO BENCHMARK DATA 

I 

- - 
Number Number Frequency Mlnlmum Maxlmum Mlnlmum Maxlmum c-mcient 

Lake or of of of Nondetected Nondetected Detected Detected Standard of 
I Chemical Name UnR Data Source Creek Area Detects Samples Detection Value Value value Value Mean Devlatkn Vartatlon ' 

MERCURY mgkg RMNP-BM (L. Husted) LAKE B 0.030 0.01 
MERCURY mgkg RMNP-BM (L. Louise) LAKE B 
MERCURY mgkg RMNP-BM (L. Haiyaha) LAKE B 
MERCURY mgkg RMNP-BMFeLoch) LAKE B 

0.065 0.01 
0.050 0.00 
0.040 0.01 

MOLYBDENUM 
MOLYBDENUM 
MOLYBDENUM 
MOLYBDENUM 
MOLYBDENUM 
MOLVBDENUM 
MOLVBDENUM 
MOLVBDENUM 

BGCR 
IHSS 200 
IHSS 201 
IHSS 202 
CC-BM 
IHSS 200 
IHSS 201 
IHSS 202 

CREEK 
CREEK 
CREEK 
CREEK 
LAKE 
LAKE 
LAKE 
LAKE 

B 16 58 
S 6  8 
S 6  14 
S 4 
B 
S 23 36 
s 20 37 
S 8 

0.28 
0.75 
0.43 

0.33 
3.60 
1.60 

9.60 
17.90 
6.70 

4.470 
7.838 
2.379 
1 .goo 

5.23 
6.30 
1 .87 
0.14 

0.80 
0.35 
1 .80 

0.80 
2.30 
2.10 

0.80 
0.78 . 

0.07 
22.00 
0.58 
0.69 

22.00 
13.30 
7.70 

0.85 
1.25 

15.40 

0.64 
0.54 

0.24 
0.20 
0.42 

3.077 
1.910 
3.389 

3.47 
2.17 
5.02 

1.13 
1.14 
1.48 

NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 

POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 

BGCR CREEK 
IHSS 200 CREEK 
IHSS 201 CREEK 
IHSS 202 CREEK 
LOWRY CREEK 
CGBM LAKE 
IHSS 200 LAKE 
IHSS 201 LAKE 
IHSS 202 LAKE 
RMNP-BM (L. Husted) LAKE 
RMNP-BM (L. Louise) LAKE 
RMNP-BM (L. Haiyaha) LAKE 
RMNP-BM (The Loch) LAKE 

B 39 57 
s a  8 
S 13 14 
s 3  4 
B 
B 
S 36 36 
S 40 43 
s 12 15 
B 
B 
B 
B 

0.68 
1 .oo 
0.93 
0.75 

0.65 
10.00 
8.60 

14.90 

25.60 
72.70 
22.60 
16.90 

131.00 
26.20 
22.70 
23.70 
29.20 

6.750 
25.200 
14.81 1 
12.588 
15.450 

5.38 
20.31 
5.53 
6.09 

22.29 

0.81 
0.37 
0.48 

3.15 
3.55 

3.15 
3.55 

26.20 
5.70 
3.40 

10.50 

1 .oo 
0.93 
0.80 

15.725 
12.338 
17.087 
9.600 

10.000 
12.300 
18.000 

3.96 
6.64 
6.70 
0.20 
0.00 
0.60 
2.00 

0.25 
0.54 
0.39 

1.20 
4.85 

1.35 
29.90 

BGCR 
IHSS 200 
IHSS 201 
IHSS 202 
CCBM 
IHSS 200 
IHSS 201 
IHSS 202 

CREEK 
CREEK 
CREEK 
CREEK 
LAKE 
LAKE 
LAKE 
LAKE 

B 43 58 
S 8  8 
S 14 14 
s 4  4 
B 
S 36 36 
s 43 43 
S 14 15 

0.24 
1 .oo 
1 .oo 
1 .oo 

57.00 
548.00 
549.00 

1210.00 
15100.00 

402.00 
183.00 

1370.00 

3770.00 
2090.00 
8390.00 
2760.00 

15100.00 
2700.00 
3630.00 
3450.00 

835.340 
1210.375 
1794.857 
1745.000 

749.42 
579.40 

1993.05 
69 1 .a0 

0.48 
1.11 
0.40 

1 .oo 
1 .oo 
0.93 .. 

1573.750 
1734.51 2 
2777.000 

0.420 
0.487 

598.93 
1138.91 
639.00 

0.38 
0.66 
0.23 2755.00 

0.11 

2755.00 

0.11 
mgkg BGCR 
mgkg lHSS200 

CREEK 
CREEK 

B 13 58 
S 6  8 

0.22 
0.75 

0.10 
0.44 

2.90 
0.77 

SELENIUM 
SELENIUM 0.26 0.53 



Table D-1 
SUMMARY STATISTICS FOR OU 3 SURFACE SEDIMENTS 

COMPARISON TO BENCHMARK DATA 

Number Number Frequency Mlnlmum Maxlmum Mlnlmum Maxlmum coemcient 
Lake or of of of Nondetected Nondetected Detected Detected Standard of 

Chemlcal Name Unit Data Source Creek Area Detects Samples Detection Value Value value Value Mean Devlatbn Vatlation 
SELENIUM mgkg lHSS201 CREEK S 3 14 0.21 0.10 0.60 1 .so 2.20 0.598 0.74 1.24 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 

IHSS 202 CREEK 
CCBM LAKE 
IHSS 200 LAKE 
IHSS 201 LAKE 
IHSS 202 LAKE 
RMNP-BM (L. Husted) LAKE 
RMNP-BM (L. Louise) LAKE 
RMNP-BM (L. Haiyaha) LAKE 
RMNP-BM (The Loch) LAKE 

S 4 
B 
S 13 22 0.59 
s 9  32 0.28 
s 3  11 0.27 
B 
B 
B 
B 

0.11 0.28 0.190 0.07 0.36 
1.10 
0.24 
0.18 
1.90 

1.10 
4.00 
4.50 
5.70 

0.10 
0.10 
0.15 

1.10 
3.55 
1.60 

0.888 
0.892 
1.723 
1.800 
1 .zoo 
1 .a00 
1.100 

1.04 
1.02 
2.00 
0.10 
0.10 
0.40 
0.30 

1.17 
1.15 
1.16 

SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 

mgkg BGCR CREEK 

mgkg lHSS201 CREEK 
mgkg lHSS202 CREEK 
mgkg lHSS200 LAKE 

mgkg lHSS200 . CREEK 

mgkg lHSS201 LAKE 

B 19 19 1 .oo 
S 8  8 1 .oo 
S 8  8 1 .oo 
S 1 1 1 .oo 
s 15 15 1 .oo 
S 13 13 1 .oo 

1450.00 
1020.00 
3290.00 
412.00 
650.00 
396.00 

331.530 
459.125 

1167.500 
412.000 
237.667 
197.308 

362.31 
365.62 
937.25 

128.00 
281 .oo 
412.00 
115.00 
82.00 

0.80 
0.80 

125.31 
79.13 

0.53 
0.40 

SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 

BGCR 
IHSS 200 
IHSS 201 
IHSS 202 
CCBM 
IHSS 200 
IHSS 201 
IHSS 202 

CREEK 
CREEK 
CREEK 
CREEK 
LAKE 
LAKE 
LAKE 
LAKE 

0 2  54 0.04 
s 7  8 0.88 
S 8  14 0.57 
S 1 4 0.25 
0 
s 28 36 0.78 
S 31 35 0.89 
s 2  8 0.25 

0.20 
1.20 
0.79 
1.90 
0.05 
1.10 
0.48 
1 .so 

3.40 
4.00 
2.10 
1.90 
0.05 
6.00 
7.70 
1.90 

0.660 
2.382 
0.942 
0.796 

0.52 
1.35 
0.58 
0.74 

0.26 
0.25 
0.43 

0.26 
0.75 
0.43 

0.57 
0.62 
0.92 

0.26 
0.23 
0.60 

0.95 
0.50 
3.60 

1.917 
1.995 
1.400 

1.13 
1.77 
0.99 

0.59 
0.89 
0.71 

mglkg BGCR CREEK 
mgkg lHSS200 CREEK 
mgkg lHSS201 CREEK 
mgkg lHSS202 CREEK 
mgkg lHSS200 LAKE 
mgkg lHSS201 LAKE 
mgkg lHSS202 LAKE 

B 47 59 0.80 
S 8  8 . 1.00 
S 14 14 1 .oo 
s 4  4 1.00 . 
S 36 36 1 .oo 
s 43 43 1 .oo 
s 15 15 1 .oo 

SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 

162.00 
57.70 

193.00 
43.20 
26.00 

171.00 

s i  .so 

637.00 
2490.00 
1610.00 
533.00 
997.00 
509.00 

1080.00 

161.470 
535.588 
286.107 
291.500 
268.389 
138.735 
369.333 

136.80 
811.75 
412.13 
161.71 
240.31 
96.81 

210.39 

1.52 
1.44 
0.55 
0.90 
0.70 
0.57 

STRONTIUM 
STRONTIUM 
STRONTIUM 

mgkg BGCR CREEK 
mgkg lHSS200 CREEK 
mgkg lHSS201 CREEK 

B 48 58 0.83 
S 8  8 1 .oo 
S 14 14 1 .oo 

2.80 
15.00 
18.30 

421.00 
91.30 

227.00 

36.380 
55.375 
67.286 

59.87 
27.23 
61.12 

0.49 
0.91 



Table D-1 
SUMMARY STATlSTlCS FOR OU 3 SURFACE SEDIMENTS 

COMPARISON TO BENCHMARK DATA 
- - 

coemcient 

STRONTIUM mgkg lHSS202 CREEK S 4 4 1 .oo 35.80 349.00 131.225 147.15 1.12 
STRONTIUM mgkg CC-BM LAKE B 202.00 202.00 

Number Number Frequency Mlnlmum Maxlmum Mlnlmum Maxlmum 
Lake or of of of Nondetected Nondetscted Detected Detected Standard d 

Chemlcal Name Unlt Data Source Creek Area Detects Samples Detectlon Value Value value Value Mean Devlatbn VarlaUon 

STRONTIUM mgkg lHSS200 LAKE S 36 36 1 .oo 26.70 154.00 57.828 24.19 0.42 
STRONTIUM mgkg lHSS201 LAKE S 43 43 1.00 . 2.80 423.00 49.812 62.01 1.24 
STRONTIUM mgkg lHSS202 LAKE S 15 15 1 .oo 47.10 190.00 82.813 32.39 0.39 

THALLIUM rngkg BGCR CREEK B 2 50 0.04 0.40 0.300 0.23 

THALLIUM mgkg lHSS201 CREEK S 2 14 0.14 0.12 0.75 0.28 0.38 0.256 0.16 0.63 
THALLIUM mgkg lHSS202 CREEK S 1 4 0.25 0.11 0.43 0.25 0.25 0.223 0.15 0.68 
THALLIUM mgkg lHSS200 LAKE S 1 36 0.03 0.18 1.30 0.95 0.95 0.398 0.26 0.66 
THALLIUM mgkg lHSS201 LAKE S 38 0.23 1.95 0.481 0.40 0.83 
THALLIUM mgkg lHSS202 LAKE S 8 0.15 1.20 0.656 0.48 0.74 

THALLIUM mgkg lHSS200 CREEK S 8 0.16 0.23 0.199 0.02 0.12 

TIN 
TIN 
TIN 
TIN 
TIN 
TIN 
TIN 
TIN 

mgkg BGCR 
mgkg lHSS200 
mg/kg lHSS201 
mgkg lHSS202 
mgkg LOWRY 
mgkg lHSS200 
mgkg lHSS201 
mgkg lHSS202 

CREEK 
CREEK 
CREEK 
CREEK 
CREEK 
LAKE 
LAKE 
LAKE 

B 16 54 0.30 
S 4 0.85 
S 13 1.30 
S 3 4.95 
B 
s 7  33 0.21 0.80 
s 20 36 0.56 0.80 
s 5  11 0.45 1.95 

VANAD I UM 
VANAO I UM 
VANADIUM 
VANADIUM 
VANADIUM 
VANADIUM 
VANADIUM 
VANADIUM 
VANADIUM 
VANADIUM 
VAN AD I UM 
VANADIUM 
VANADIUM 

0GCR CREEK 
IHSS 200 CREEK 
IHSS 201 CREEK 
IHSS 202 CREEK 
LOWRY CREEK 
CC-BM LAKE 
IHSS 200 LAKE 
IHSS 201 LAKE 
IHSS 202 LAKE 
RMNP-BM (L. Husted) LAKE 
RMNP-BM (L. Louise) LAKE 
RMNP-BM (L. Halyaha) LAKE 
RMNP-BM (The Loch) LAKE 

0 53 57 0.93 
S 8  8 1 .oo 
S 14 14 1 .oo 
s 4  4 1 .oo 
0 
B 
S 36 36 1 .oo 
s 43 43 1 .oo 
s 15 15 1 .oo 
B 
B 
B 
B 

27.10 
1.95 
8.70 
6.95 

15.50 
4.05 2.60 6.10 
5.75 2.00 10.40 

58.00 16.40 51.40 

2.00 
16.10 
11.20 
28.70 

115.00 
9.10 
4.90 

18.60 

73.00 
87.70 
60.90 
51.10 
72.90 

115.00 
70.70 
50.00 

114.00 

7.640 
1.413 
2.781 
6.250 

13.670 
1.964 
3.192 

22.968 

18.330 
33.913 
26.029 
37.400 
33.310 

31.839 
24.300 
42.987 
27.300 
35.000 
55.000 
43.000 

6.09 
0.59 0.42 
1.92 0.69 
1.13 0.18 
2.02 
1.30 0.66 
2.34 0.73 

19.4 1 0.84 
I 

14.30 
22.62 0.67 
12.11 0.47 
9.70 0.26 

11.66 

13.49 0.42 
12.17 0.50 
21.53 0.50 
0.10 
6.00 
6.00 
3.00 



> Table D-1 
SUMMARY STATlSTlCS FOR OU 3 SURFACE SEDIMENTS 

COMPARISON TO BENCHMARK DATA 

Number Number Frequency Mlnlmum Maximum Mlnlmum Maxlmum coemclent 
Lake or of of of Nondetected Nondetected Detected Detected Standard of , 

Chemlcal Name Unlt Data Source Creek Area Detects Samples Detection Value Value value Value Mean Devlatlon Varlatlon . 
ZINC mgkg BGCR CREEK B 55 58.00 0.95 3.25 155.00 43.770 30.23 
ZINC mgkg lHSS200 CREEK S 8 8 1 .oo 46.70 460.00 149.113 134.24 0.90 
ZINC mgkg lHSS201 CREEK S 14 14 1 .oo 53.00 1170.00 422.243 304.51 0.91 
ZINC mgkg lHSS202 CREEK S 4 4 1 .oo 44.60 56.60 49.475 5.31 0.1 1 
ZINC mgkg LOWRY CREEK B 726.00 76.750 124.61 
ZINC mgkg CCaM LAKE B 158.00 158.00 
ZINC mgkg lHSS200 LAKE S 36 36 1 .oo 28.50 540.00 195.339 145.76 0.75 
ZINC mgkg lHSS201 LAKE S 43 43 1.00 9.00 1120.00 425.593 392.51 0.92 
ZINC mgkg lHSS202 LAKE S 15 15 1 .oo 40.50 193.00 81.247 34.67 0.43 

ZINC mgRg RMNP-BM(L.Lwise) LAKE B 125.0OO 3.00 
ZINC mglkg RMNP-BM (L. Haiyaha) LAKE B 72.000 4.00 

ZINC mgkg RMNPaM (L. Husted) LAKE B 117.000 2.00 

ZINC mgkg RMNP-BM(TheLoch) LAKE B 95.000 9.00 

RADIONUCLIDES 

AMERICIUM-241 pCi/g IHSS 200 CREEK S 5 5 1 .oo 0.00 0.06 0.017 0.02 1.43 

AMERICIUM-241 pCi/g IHSS 202 CREEK S 4 4 1 .oo 0.02 0.05 0.030 0.01 0.39 

AMERICIUM-241 pCi/g IHSS 201 LAKE S 39 39 1 .oo 0.00 0.1 1 0.017 0.02 1.36 
AMERICIUM-241 PCWg IHSS 202 LAKE S 15 15 1 .oo 0.01 0.09 0.049 0.03 0.52 

AMERICIUM-241 pCi/g BGCR CREEK B 59 59 1 .oo -0.01 0.02 0.070 0.19 

AMERICIUM-241 pCi/g IHSS 201 CREEK S 13 13 1 .oo 0.00 0.08 0.022 0.03 1.19 

AMERICIUM-241 pCl/g IHSS 200 LAKE S 34 34 1 .oo 0.01 0.21 0.043 0.05 1.20 

CESIUM-136 pCi/g BGCR CREEK B 

I CESIUM-137 pCi/g IHSS 200 CREEK S 6 6 1 .oo 
CESIUM-137 pCi/g IHSS 200 LAKE S 14 14 1 .oo 
CESIUM-137 pCi/g IHSS 201 LAKE S 8 

GROSS ALPHA pCi/g BGCR CREEK B 45 45 1 .oo 
GROSS ALPHA pCi/g IHSS 200 CREEK S 8 8 1 .oo 
GROSS ALPHA pCi/g IHSS 201 CREEK S 14 14 1 .oo 
GROSS ALPHA pCi/g IHSS 202 CREEK S 4 4 1 .oo 
GROSS ALPHA pCVg IHSS 200 LAKE S 34 34 1.00 
GROSS ALPHA pCi/g IHSS 201 LAKE S 42 42 1 .oo 
GROSS ALPHA pCi/g IHSS 202 LAKE S 15 15 1 .oo 

GROSS BETA pCi/g BGCR CREEK B 43 43 1 .oo 

1.50 0.260 
0.05 0.57 0.179 0.21 1.15 
0.03 0.19 0.080 0.05 0.66 

0.048 0.00 0.10 

2.92 72.00 22.980 0.38 
15.00 28.00 19.849 4.49 0.23 
8.30 33.00 18.513 6.66 0.36 

17.00 . 43.00 25.900 12.12 0.47 
3.80 37.00 24.269 7.74 0.32 
4.40 39.00 19.034 7.81 0.41 

15.13 84.00 32.578 17.61 0.54 

59.00 35.350 20.46 



Table D-1 
SUMMARY STAllSTlCS FOR OU 3 SURFACE SEDIMENTS 

COMPARISON TO BENCHMARK DATA 
- 

Number Number Frequency Mlnlmum Maximum Mlnlmum Maximum c-mcient 
Lake or of Of of Nondetected Nondetacted Detected Detected Standard of 

Ctuemlcal Name Unit Data Source Creek Area Detects Samples Detection Value Value value Value Mean Devlatbn Varlatlon 
GROSS BETA pCilg IHSS 200 
GROSS BETA pCi/g IHSS 201 
GROSS BETA pCi/g IHSS 202 
GROSS BETA pCilg IHSS 200 
GROSS BETA pCi/g IASS 201 
GROSS BETA pCl/g IHSS 202 

PLUTONIUM-239/240 PCilg 
PLUTONIUM-239l240 PCilg 
PLUTON I UM-239/240 pCi/g 
PLUTONIUM-2391240 pCi/g 
PLUTON I U M-2391240 PCilg 
PLUTC)NIUM-239/240 PCilg 
PLUTONIUM-239/240 pCi/g 
PLUTONIUM-239/240 pCi/g 

BGCR 
IHSS 200 
IHSS 201 
IHSS 202 
BGCR 
IHSS 200 
IHSS 201 
IHSS 202 

RADIUM-226 pCl/g BGCR 
RADIUM-226 pCVg IHSS 200 
RADIUM-226 pCilg IHSS 200 
RADIUM-226 pCi/g IHSS 201 
RADIUM-228 pCilg IHSS 200 
RADIUM-228 pCi/g IHSS 200 
RADIUM-228 pCilg IHSS 201 

STRONTIUM-89/90 pCi/g BGCR 
STRONTIUM-89/90 pCi/g IHSS 200 
STRONTIUM-89/90 pCi/g IHSS 200 
STRONTIUM-89/90 pCi/g IHSS 201 

TRITIUM pCil l  BGCR 
TRITIUM pCiA lHSS200 
TRITIUM pCIL lHSS201 
TRITIUM pCiA lHSS200 

URANIUfd-233/234 PCilg BGCR 
URANIUM-233/234 pCi1g IHSS 200 
URANIUM-233/234 pCi/g IHSS 201 

CREEK 
CREEK 
CREEK 
LAKE 
LAKE 
LAKE 

CREEK 
CREEK 
CREEK 
CREEK 
LAKE 
LAKE 
LAKE 
LAKE 

CREEK 
CREEK 
LAKE 
LAKE 
CREEK 
LAKE 
LAKE 

CREEK 
CREEK 
LAKE 
LAKE 

CREEK 
CREEK 
CREEK 
LAKE 

CREEK 
CREEK 
CREEK 

S 
S 
S 
S 
S 
S 

B 
S 
S 
S 
B 
S 
S 
S 

B 
S 
S 
S 
S 
S 
S 

B 
S 
S 
S 

B 
S 
S 
S 

B 
S 
S 

8 
14 
4 
34 
42 
15 

42 
8 
14 
4 

87 
105 
15 

21 
6 
14 
8 
6 
14 
8 

43 
6 
13 
8 

41 
3 
4 
9 

47 
7 
14 

8 
14 
4 
34 
42 
15 

42 
8 
14 
4 

87 
105 
15 

21 
6 
14 
8 
6 
14 
8 

43 
6 
13 
8 

41 
3 
4 
9 

47 
7 
14 

1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 

1 .oo 
1 .oo 
1 .oo 
1 .oo 

1 .oo 
1 .oo 
1 .oo 

1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 

1 .oo 
1 .oo 
1 .oo 
1 .oo 

1 .oo 
1 .oo 
1 .oo 
1 .oo 

1 .oo 
1 .oo 
1 .oo 

20.00 
17.00 
20.00 
9.20 
8.80 

27.00 

0.00 
0.00 

-0.01 
0.05 
0.02 
0.00 

-0.02 
0.03 

0.43 
0.85 
0.84 
0.28 
0.97 
0.92 
0.31 

' -0.60 
0.13 
0.1 1 
0.14 

-23.20 
-81.00 
77.00 

-36.00 

0.14 
0.94 
0.62 

37.56 
36.00 
31.00 
37.50 
56.61 
53.00 

2.36 
0.55 
0.47 
0.17 
0.13 
3.30 
0.55 
0.49 

1 .80 
1.20 
2.20 
1.40 
1.70 
2.20 
1.60 

1.17 
0.30 
0.57 
0.72 

380.00 
170.OO 
159.60 
160.90 

4.50 
2.66 
4.70 

26.839 
27.541 
23.250 
25.050 
25.961 
32.987 

0.170 
0.156 
0.082 
0.091 
0.130 
0.267 
0.033 
0.291 

0.850 
1.067 
1.124 
0.790 
1.328 
1.444 
1 .ooo 

0.210 
0.220 
0.309 
0.326 

155.870 
51.930 

112.015 
76.244 

1.680 
1.369 
1 .a52 

5.93 
4.48 
5.25 
4.93 
8.69 
6.70 

0.59 
0.20 
0.16 
0.06 

0.59 
0.06 
0.16 

0.36 
0.15 
0.34 
0.35 
0.23 
0.37 
0.49 

0.27 
0.08 
0.14 
0.19 

91.83 
126.16 
39.34 
78.21 

1.15 
0.58 
1.03 

0.22 
0.16 
0.23 
0.20 
0.33 
0.20 

1 .a 
1.97 
0.60 

2.23 
1.81 
0.57 

0.14 
0.30 
0.44 
0.18 
0.26 
0.49 

0.37 
0.46 
0.57 

2.43 
0.35 
1.03 

0.43 
0.71 



1 

Table D-1 
SUMMARY STATISTICS FOR OU 3 SURFACE SEDIMENTS 

COMPARISON TO BENCHMARK DATA 

Number Number Frequency Mlnlmum Maximum Minimum Maxlmum Coefflclent 
Standard of . Lake or of of of Nondetected Nondetected Detected Detected 

Chemical Name Unlt Data Source Creek Area Detects Samples Detectlon Value Value value Value Mean Devlatkn Vadatlon 
URANIUM-2331234 pCilg IHSS 202 CREEK S 4 4 1 .oo 0.96 2.09 1.288 0.54 0.42 
URANIUM-233/234 pCilg BM LAKE B 5.51 226.40 11.400 
URANIUM-2331234 pCi@ IHSS 200 LAKE S 35 35 1 .oo 5.40 5.40 0.83 0.62 
URANIUM-2331234 PCilg IHSS 201 LAKE S 37 37 1 .oo 0.22 2.67 1.238 0.72 0.58 
URANIUM-233/234 pCi& IHSS 202 LAKE S 15 15 1 .oo 0.66 3.50 1 A07 0.63 0.45 

URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 

pCilg 
P W  
pCi/g 

PCilS 
pCilg 
pCi1g 
pCilg 
pCilg 

BGCR 
IHSS 200 
IHSS 201 
IHSS 202 
BM 
IHSS 200 
IHSS 201 
IHSS 202 

CREEK 
CREEK 
CREEK 
CREEK 
LAKE 
LAKE 
LAKE 
LAKE 

B 49 49 1 .oo 
S 7 7 1 .oo 
S 14 14 1 .oo 
s 4  4 1 .oo 
0 
s 35 35 1 .oo 
s 37 37 1 .oo 
S 15 15 1 .oo 

0.40 
0.03 
0.03 
0.06 
5.51 
0.01 
0.00 
0.01 

0.19 0.060 0.05 
0.20 0.072 0.06 0.86 
0.20 0.078 0.04 0.58 
0.14 0.085 0.04 0.44 

0.56 0.071 0.09 1.29 
0.12 0.045 0.03 0.75 
0.17 0.064 0.04 0.68 

1 1.400 

URANIUM-238 pCi/g BGCR CREEK 0 30 30 1 .oo 0.27 3.82 1 A00 
URANIUM-238 pCilg IHSS 200 CREEK S 7 7 1 .oo 0.87 2.23 1 A00 0.51 0.36 
URANIUM-238 pCilg IHSS 201 CREEK S 14 14 1 .oo 0.62 3.90 1.339 0.84 0.63 
URANIUM-238 pCi/g IHSS 202 CREEK S 4 4 1 .oo 0.79 2.15 1.205 0.63 0.53 
URANIUM-238 pCilg BM LAKE B 5.51 1 1 A00 
URANIUM-238 pCilg IHSS 200 LAKE S 35 35 ~ 1 .oo 0.31 4.40 1.339 0.70 0.52 
URANIUM-238 pCilg IHSS 201 LAKE S 37 37 1 .oo 0.20 2.42 1.223 0.70 0.57 
URANIUM-238 pCilg IHSS 202 LAKE S 15 15 1 .oo 0.86 3.30 1 SO2 0.57 0.38 
BGCR = Background Geochemical Characterization Report (DOE, 1993~). 
CC-BM = Cherty Creek Reservoir Surface Sediment (n=1) CCBA. 1994. 
RMNP-BM = Rocky Mountain National Park Lakes Surface Sediment Data (Heit, et al., 1984). 
RMNP-BMS = Rocky Mountain National Park Lakes Subsurface Sediment Data (Heit, et al., 1984). 
Lowry = Lowry Landfill Site Background Data (Stream Sediment) (EPA. 1992a). 
BM = Marston Lake, Ralston Reservoir, Sterling Quad, Greeley Quad, Surface Sediment Data. 

IHSS = IndMdual Hazardous Substance Site. 
B = Background. 
S = OU 3 (onsite). 



* 
Table 0-2 

SUMMARY STATISTICS FOR GREAT WESTERN RESERVOIR SUBSURFACE SEDIMENTS 
COMPARISON TO BENCHMARK DATA 

Number Number Fmquency Mlni mum Maxlmum Mlnlmum Maxl mum 0 

Lake or of of of Nondetected Nondetected Detected Detected Arithmetic Standard Coeffldontol 
Chemlcal Name UnRs DATA SOURCE Creek Area Detects Samples Detedlon Value Value value Value Mean Devlatlm Varbtlon , I 

MRALS 

ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 

ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 

BARIUM 
BARIUM 
BARIUM 
BARIUM 

BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 

CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

CALCIUM 
CALCIUM 
CALCIUM 

OU 3 
CC-BM 
BGCR 
LOWRY 

OU 3 
CCBM 
BGCR 
RMNP-BMS 
RMNP-BMS 
LOWRY 
RMNP-BM 
RMNP-BM 
RMNP-BM 
RMNP-BM 

OU 3 
CCBM 
BGCR 
LOWRY 

OU 3 

BGCR 

RMNP-BMS 
LOWRY 

RMNP-BM 
RMNP-BM 
RMNP-BM 

OU 3 
CCBM 
BGCR 

CC-BM 

RMNP-BMS 

RMNP-BM 

RMNP-BMS 
RMNP-BMS 
LOWRY 
RMNP-BM 
RMNP-BM 
RMNP-BM 
RMNP-BM 

OU 3 

BGCR 
CC-BM 

IHSS 200 
CCBM 

LOWRY 

IHSS 200 

L.HUSTED 
L.LOUISE 

L.HUSTED 
L.LOUISE 
L.HAIYAHA 
THE LOCH 

IHSS 200 

IHSS 200 

L.HUSTED 
L.LOUISE 

L.HUSTED 
LLOUISE 
L.HAIYAHA 
THE LOCH 

IHSS 200 

L.HUSTED 
L.LOUISE 

L.HUSTED 
L.LOUISE 
L.HAIYAHA 
THE LOCH 

IHSS 200 

LAKE 
LAKE 
CREEK 
CREEK 

LAKE 
LAKE 
CREEK 
LAKE 
LAKE 
CREEK 
LAKE 
LAKE 
LAKE 
LAKE 

LAKE 
LAKE 
CREEK 
CREEK 

LAKE 
LAKE 
CREEK 
LAKE 
LAKE 
CREEK 
LAKE 
LAKE 
LAKE 
LAKE 

LAKE 
LAKE 
CREEK 
LAKE 
LAKE 
CREEK 
LAKE 
LAKE 
LAKE 
LAKE 

LAKE 
LAKE 
CREEK 

S 
B 
B 
B 

S 
B 
B 
B 
B 
B 
B 
B 
B 
B 

S 
B 
B 
B 

S 
B 
B 
B 
B 
B 
B 
B 
B 
B 

S 
B 
B 
B 
B 
B 
B 
B 
B 
B 

S 
B 
B 

46 

59 

46 

53 

46 

57 

46 

27 

22 

6 

46 

58 

46 

59 

46 

59 

46 

57 

46 

57 

46 

51 

46 

59 

1 .OO 

1 .w 

1 .00 

0.90 

1 .00 

1 .00 

1 .00 

0.47 

0.48 

0.12 

1 .OO 

0.98 

6340.00 
96700.00 
549.00 

3.60 
5.57 
0.20 

81.90 
591.00 
10.60 

0.53 
4.03 
1 .so 

0.38 0.81 0.59 

0.13 

3900.00 

93.50 

26100.00 
96700.00 
25200.00 
32100.00 

10.40 
5.57 
17.30 

16.50 

205.00 
591 .oo 
244.00 
440.00 

2.30 
4.03 
1.30 

2.60 

1.30 

3.80 

15400.00 

17100.00 

13893.70 5457.02 

5887.610 4912.13 
13959.330 7080.88 

6.49 1.67 

2.410 2.45 
0.790 0.05 
1 .m 
4.610 3.95 
2 .so 0.200 
2.50 0.300 
8.40 0.200 
1 A0 0.200 

161.61 28.98 

77.910 56.38 
220.640 76.59 

1.13 0.33 

0.660 1.69 
3.900 0.30 
7.400 
2.10 1.04 
3.90 1 .00 
5 .00 3.00 
9.30 1.10 
7.40 1.30 

0.74 0.62 

0.540 0.36 
0.320 0.07 
0.090 
1.040 0.99 
0.700 0.04 
0.500 0.20 
0.340 0.03 
0.320 0.05 

7568.70 2482.67 

3658.240 4663.60 

0.39 

0.26 

0.18 

0.29 

0.84 

0.33 



Table 0-2 
SUMMARY STATISTICS FOR GREAT WESTERN RESERVOIR SUBSURFACE SEDIMENTS 

COMPARISON TO BENCHMARK DATA 

Number Number Frequency Minimum M axlmum Mlnimum Maxl mum 
- 

I Lake or of ot of Nondetocbd Nondetected Detectod D0tMt.d Mthmotlc Standard Coefflclontd 
Chemlcal Name Unltsi DATA SOURCE Creek Area Detects Samples Detectlon Value Valuo value Vatu. Moan Devtatlon Vadatlon . 

CALCllJM maka RMNP-BMS L.HUSTED LAKE B 2.00 12.000 - - ,  

CALCllJM mgkg RMNP-BMS 
CALCIVM ' mgkg ~ RMNP-BM 
CALCllJM 
CALCllJM 
CALCIUM 

CESIUM 
CESIUM 

CHROMIUM 
CHROMIUM 
CHROMIUM 

COBALT 
COBALT 
COBALT 
COBALT 

COPPER 
COPPER 
COPPER 
COPPER 

CYANllDE 

IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 

LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 

LITHIUM 
LITHIUM 

RMNP-BM 

RMNP-BM 

IHSS 200 
BGCR 

IHSS 200 
BGCR 
LOWRY 

IHSS 200 
CCBM 
BGCR 
LOWRY 

IHSS 200 
CC-BM 
BGCR 
LOWRY 

IHSS 200 

IHSS 200 
CCBM 
BGCR 

RMNP-BM 

RMNP-BMS 
RMNP-BMS 
RMNP-BM 
RMNP-BM 
RMNP-BM 
RMNP-BM 

IHSS 200 
CCBM 
BGCR 
RMNP-BMS 
RMNP-BMS 
LOWRY 
RMNP-BM 
RMNP-BM 
RMNP-BM 
RMNP-BM 

IHSS 200 
BGCR 

L.LOUISE 
L.HUSTED 
L.LOUISE 
L.HAIYAHA 
THE LOCH 

L.HUSTED 
L.LOUISE 
L.HUSTED 
L.LOUISE 
L.HAIYAHA 
THE LOCH 

L.HUSTED 
L.LOUISE 

L.HUSTED 
L.LOUISE 
L.HAIYAHA 
THE LOCH 

LAKE B 
LAKE B 
LAKE B 
LAKE B 
LAKE B 

LAKE s 
CREEK B 

LAKE s 
CREEK B 
CREEK B 

LAKE s 
L A K E B  
CREEK B 
CREEK B 

L A K E S  
LAKE B 
CREEK B 
CREEK B 

L A K E S  

L A K E S  
LAKE B 
CREEK B 
LAKE B 
LAKE B 
L A K E B  
LAKE B 
L A K E B  
L A K E B  

LAKE s 
LAKE B 
CREEK B 
LAKE B 
LAKE B 
CREEK B 
L A K E B  
L A K E B  
LAKE B 
LAKE B 

LAKE s 
CREEK B 

26 
10 

46 
47 

46 

43 

46 

43 

46 

59 

46 

59 

46 
41 

46 
56 

46 
59 

46 

59 

46 

59 

46 

46 

59 

46 

59 

46 
57 

0.57 
0.18 

1 .00 
0.80 

1 .OO 

0.73 

1 .00 

0.73 

0.00 

1 .00 

1 .00 

1 .00 

1 .00 

1 .00 
0.72 

12.70 27.40 12.70 

6.80 
0.48 

5.90 
21.30 
0.30 

15.80 
43.40 
10.15 

0.34 0.75 

9330.00 
49700.00 
1040.00 

39.20 
157.00 

28.10 
29.70 
22.90 

12.20 
21 30 
15.00 
14.00 

311.00 
43.40 
36.70 
48.30 

25606.00 
49700.00 
31400.00 

14.50 126.00 
55.00 55.00 
2.10 244.00 

380.00 

5.40 19.60 
1.15 20.20 

26.500 
26.000 
34.100 
54.000 
47.000 

16.74 
69290 

15.03 
8.130 
12.350 

9.35 

5.040 
8.200 

94.69 

10.150 
17.580 

0.491 

17028.91 

8852.630 
1100.000 
1900.000 
1600.000 
2400.000 
6200.000 
2300.000 

47.21 

22.020 
1 0.000 
14.000 
28.290 

43.000 
26.000 
14.000 

11.66 
7.480 

1 .00 
0.10 
5 .00 
6 .00 

7.64 
63.88 

5.50 
7.42 
5.54 

1.38 

3.29 
2 .a6 

78.64 

7.86 
8.98 

0.20 

4005.91 

6263.19 
100.00 

40.00 
100.00 
900.00 
300.00 

27.02 

36.79 
7 .00 

66.79 

0.00 
2.00 
2 .OO 

3.90 
5.26 

0.46 

0.37 

0.15 

0 .a3 

0.24 

0.57 

0.33 



Table 0-2 
SUMMARY STATISTICS FOR GREAT WESTERN RESERVOIR SUBSURFACE SEDIMENTS 

COMPARISON TO BENCHMARK DATA 

Number Number Frequency Minimum Maximum MI nlmum Maxi mum 
Lake or of of of Nondetected Nondetected Detected Detected Artthmetlc Standard CdAd.n to l  

Chemlcal Name Untts DATA SOURCE Creek Area Detects Samples Detedlon Value Value value Vduo Mean Devlatlon Vaflatlon 
MAGNESIUM rngkg lHSS200 LAKE S 46 46 1 .00 1850.00 5080.00 3340.22 842.84 0.25 
MAGNESIUM 

MANGANESE 
MANGANESE 
MANGANESE 
MANGANESE 

MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 
MERCURY 

MOLYBDENUM 
MOLYBDENUM 
MOLYBDENUM 

NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 
NICKEL 

POTASSIUM 
POTASSIUM 
POTASSIUM 

SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 

SILVER 
SILVER 

BGCR 

IHSS 200 
CC-BM 
BGCR 

IHSS 200 
CCBM 
BGCR 
RMNP-BMS 
RMNP-BMS 
LOWRY 
RMNP-BM 
RMNP-BM 
RMNP-BM 
RMNP-BM 

IHSS 200 
CCBM 
BGCR 

IHSS 200 
CC-BM 
BGCR 

RMNP-BMS 
LOWRY 
RMNP-BM 
RMNP-BM 
RMNP-BM 

RMNP-BMS 

RMNP-BM 

IHSS 200 
CCBM 
BGCR 

IHSS 200 
CCBM 
BGCR 
RMNP-BMS 
RMNP-BMS 
RMNP-BM 
RMNP-BM 
RMNP-BM 
RMNP-BM 

IHSS 200 
CCBM 

L.HUSTED 
L.LOUISE 

L.HUSTED 
L.LOUISE 
L.HAIYAHA 
THE LOCH 

L.HUSTED 
L.LOUISE 

L.HUSTED 
L.LOUISE 
L.HAIYAHA 
THE LOCH 

L.HUSTED 
L.LOUISE 
L.HLJSTED 
L.LOUISE 
L.HAIYAHA 
THE LOCH 

CREEK B 

L A K E S  
LAKE B 
CREEK B 
CREEK B 

LAKE s 
L A K E B  
CREEK B 
LAKE B 
L A K E B  
CREEK 8 
LAKE B 
L A K E B  
LAKE B 
L A K E B  

L A K E S  
L A K E B  
CREEK B 

U K E S  
U K E B  
CREEK B 
L A K E B  
L A K E B  
CREEK B 
L A K E B  
L A K E B  
L A K E B  
LAKE B 

L A K E S  
L A K E B  
CREEK B 

LAKE s 
L A K E B  
CREEK B 
LAKE B 
LAKE B 
L A K E B  
L A K E B  
LAKE B 
LAKE B 

LAKE s 
LAKE B 

54 

46 

58 

34 

2 

13 

16 

46 

39 

46 

43 

5 

13 

35 

59 

46 

59 

46 

49 

46 

58 

46 

57 

46 

58 

46 

58 

46 

0.92 

1 .00 

0.98 

0.74 

0.04 

0.28 

0.28 

1 .OO 

0.68 

1 .00 

0.74 

0.11 

0.22 

0.76 

125.50 

153.00 
739.00 
9.00 

0.06 0.10 0.07 
0.06 
0.01 

0.43 0.93 0.84 
22.00 
0.33 

11.20 
26.20 
0.65 

973.00 
15100.00 
57.00 

0.83 1.90 0.86 
1.10 
0.10 

0.92 1.90 1 .00 
0.05 

5850.00 

772.00 
739.00 
1280.00 
1560.00 

0.30 
0.06 
0.05 

0 .29 

5.00 
22.00 
9.60 

23.60 
26.20 
25.60 

131.06 

4000.00 
15100.00 
3770.00 

2.45 
1.10 
2.90 

16.50 
0.05 

1473.770 

363.80 

227.820 
605.100 

0.15 

0.080 
0.030 
0.050 
0.080 
0.030 
0.065 
0.050 
0.040 

0.87 

4.470 

17.24 

6.750 
4.200 
9 . 0 0  
15.450 
9.600 
1 o.Oo0 
12.300 
18.000 

2155.07 

835.340 

0.75 

0.420 
0.900 
0.760 
1.800 
1.200 
1.800 
1 .loo 

3.48 

1252.57 

158.99 

215.48 
281.36 

0.09 

0.08 

0.06 
0.01 
0.01 
0.00 
0.01 

1.11 

5.23 

2.81 

5.38 
0.08 

22.29 
0.20 
0.00 
0.60 
2.00 

804.89 

749.42 

0.32 

0.56 
0.20 

0.10 
0.10 
0.40 
0.30 

3.85 

0.44 

0.58 

1.28 

0.16 

0.37 

0 A3 

1.11 
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I Table D-2 
SUMMARY STATISTICS FOR GREAT WESTERN RESERVOIR SUBSURFACE SEDIMENTS 

COMPARISON TO BENCHMARK DATA 

Number Number Fmquency Minlmum Maximum Mlnl mum M u l  mum 
Lake or of of of Nondetected Nondetactd Detected Detected Arithmotlc Standard Codflclmtof 

Chemlcal Name Units DATA SOURCE Creek Area Detects Samples Detectlon Value Value valur Vdur Mean Devlatlon Varlatlon 
0.20 3.40 0.660 0.52 SILVER mgkg BGCR CREEK B 2 54 0.04 

SODIUM 
SODIUM 

STRONTIUM 
STRONTIUM 
STRONTIUM 

THALLIUM 
THALLIUM 

TIN 
TIN 
TIN 

VANADIUM 
VANADIUM 
VANADIUM 
VANADIUM 
VANADIUM 
VANADIUM 
VANADIUM 
VANAC)IUM 
VANAC)IUM 
VANAC)IUM 

ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 

RADIONUCLIDES 

AMERICIUM-241 
AMERICIUM-241 

PLUTCINIUM-239/240 
PLUTONIUM-2391240 
PLUTONIUM-239/240 
PLUTONIUM-239/241 
PLUTONIUM-239/242 

POLONIUM-210 

mgkg ' lHSS200 
BGCR 

IHSS 200 
CCBM 
BGCR 

IHSS 200 
BGCR 

IHSS 200 
BGCR 
LOWRY 

IHSS 200 
CGBM 
BGCR 
RMNP-BMS 

LOWRY 
RMNP-BMS 

RMNP-BM 
RMNP-BM 
RMNP-BM 
RMNP-BM 

IHSS 200 
CCBM 
BGCR 
RMNP-BMS 
RMNP-BMS 
LOWRY 
RMNP-BM 
RMNP-BM 
RMNP-BM 
RMNP-BM 

OU 3 

OU 3 

HR-BM 
WL-BM 

OU 3 

LAKE s 
CREEK B 

L A K E S  
L A K E B  
CREEK B 

L A K E S  
CREEK B 

L A K E S  
CREEK B 
CREEK B 

LAKE 
LAKE 
CREEK 

L.HUSTED LAKE 
L.LOUISE LAKE 

L.HUSTED LAKE 
L.LOUISE LAKE 
L.HAIYAHA LAKE 
THELOCH LAKE 

LAKE 
LAKE 
CREEK 

L.HUSTED LAKE 
L.LOUISE LAKE 

L.HUSTED LAKE 
L.LOUISE LAKE 
L.HAIYAHA LAKE 
THELOCH LAKE 

CREEK 

CREEK 

S 
B 
B 
B 
B 
B 
B 
B 
B 
B 

S 
B 
B 
B 
B 
B 
B 
B 
B 
B 

IHSS200 LAKE s 
BGCR CREEK B 

IHSS2oo LAKE s 
BGCR CREEK B 

BM LAKE B 
HALLIGAN LAKE B 
WELLINGTONLAKE B 

IHSS200 LAKE s 

46 
47 

46 

48 

2 

17 
16 

46 

53 

46 

55 

40 
35 

60 
42 

41 

46 
54 

46 

58 

46 
50 

46 
54 

46 

57 

46 

58.00 

40 
35 

60 
42 

41 

1 .oo 
0.80 

1 .oo 

0.83 

0.04 

0.37 
0.30 

1 .00 

0.93 

1 .oo 
0.95 

1 .00 
1 .oo 

1 .oo 
1 .OO 

1 .00 

74.60 
162.00 

35.00 
202.00 
2.80 

0.36 1.20 

1.60 3.30 1.70 

17.20 
115.00 
2.00 

46.20 
158.00 
3.25 

0.00 
-0.01 

0.00 
0.00 
0.02 
0.02 
0.07 

1 .os 

224.00 
637.00 

88.40 
202.00 
421 .OO 

0.40 

6.00 
27.10 
15.50 

60.40 
115.00 
73.00 

72.90 

480.00 
158.00 
155.00 

726.00 

1.02 
0.82 

4.03 
2.36 
0.13 
0.05 
0.19 

3.14 

136.05 
161.470 

61.05 

36.380 

0.35 
0.300 

2.16 
7.640 
13.670 

36.11 

18.330 
15.Ooo 
32.800 
33.310 
27.300 
35.000 
55.000 
43.000 

186.65 

43.7lO 
8O.Ooo 
155.000 
76.750 
117.000 
125.000 
72.000 
95.000 

0.24 
0 .or0 

0.73 
0.170 
0.130 

2.00 

29.69 
136.80 

12.54 

59.87 

0.12 
0.23 

1.47 
6.09 
2.02 

11.28 

14.30 
3.00 

11.66 
0.10 
6.00 
6.00 
3.00 

108.62 

30.23 
13.00 

124.61 
2.00 
3.00 
4 .00 
9.00 

0.31 
0.19 

1.07 
0.59 

0.53 

0.22 

0.21 

0.35 

0.68 

0.31 

0.58 

1.31 

1.48 

0.28 



Table D-2 
SUMMARY STATISTICS FOR GREAT WESTERN RESERVOIR SUBSURFACE SEDIMENTS 

' COMPARISON TO BENCHMARK DATA 

Number Number Frequency Minimum Maximum Minimum Maximum 
Lake 01 of of of Nondetectd Nondetected Detected Detected Arfthmetlc Standard Coetflclontof 

Chemical Name Units DATA SOURCE Creek Area Detects Samples Detectlon Value Value value Value Mean Devlatlon VarMion . 

URANIUM-233/234 pcilg o u 3  lHsS200 LAKE s 64 64 1 .oo 
URANIUM-2331234 PClg BGCR CREEK B 47 47 1 .00 
URANIUM-233/234 Pcig BM LAKE B 

URANIUM-235 pc ig  o u 3  
URANIUM-235 PC@ 
URANIUM-235 PC@l 

IHsS200 LAKE S 64 64 1 .oo 
BGCR CREEK B 49 49 1 .oo 

BM LAKE B 

URANIUM238 pcilg o u 3  IHSS200 LAKE S 64 64 1 .00 
URANIUM-238 pcilg , BGCR CREEK B 36 36 1 .00 
URANIUM-238 PCiS BM LAKE B 

B Background. 
BGCR = Background Geochemical Characterization Report (DOE, 1993~). 
BM = Marston Lake, Ralston Reservoir, Sterling Quad, Oreeley Quad, Surface Sediment Data. 
CCBM = Cherry Creek Reservoir Surface Sediment (n = 1) (CCBA. 1994). 
HR-BM = Halligan Reservoir Subsurface Sediment Data (Cohen et ai., 1990). 
ndividual Hazardous Substance Site. 
Lowry = Lowry Landfill Site Background Data (Stream Sediment) (EPA, 1992a). 
RMNP-BM = Rocky Mountain National Park Lakes Surface Sediment Data (Heit, et el., 1984) 
RMNP-BMS = Rocky Mountain National Park Lakes Subsurface Sediment Data (Heit, et al., 1984) 
S = OU 3 (onsite). 
WL-BM =Wellington Lake Subsurface Sediment Data (Cohen et ai., 1990). 

0.75 3.90 1.32 0.41 0.31 
0.14 4.50 1.680 1.15 
5.51 1 1 AOO 

4.01 0.21 0.06 0.04 0.64 
0.40 0.19 
5.51 11.400 

0.72 3.30 1.37 
0.27 3.02 1.400 1.03 
5.51 1 1 A00 

0.060 0.05 

0.37 0.27 



a 
TABLE 0-3 

CONPARSON TO BENCHMARK DATA-SURFACE WATER 

Yabnum Ylnbnum YuJmun 
N u m b u d  Numbard Fmqumncyd YlnbnumNond.hcbd Nondntdmd D d d m d  D.hchd h n b v d  CmfRdmId 

Dwhtlon Vr(.(lon N a n *  nhm V a h  Yaln Test Group Cod. ChmldNawu NnwUnW DalmSourem Ana D d r ( .  Samplr D d r t b n  Vmkm Vahtm 
NOTE 
BYCR - Benchmark %am Valunm (RaMon Croak, C m b  Canal, F d m  Hlghllnm canal (kvada, 1994)) 
BN-LK - Bmnchmd Lakn.IR.ravot Valuma (Chatfield Rnavolr. Chwy Cmk.  Emar Crook Lakm. and H d m a n  Lakm (Awn&, 1991; €PA. 1905 and l k ) )  

1.M 
0.92 
2.w 
2.01 
0.88 
1.m 
0.64 
0.74 
0.88 
o m  

0.04 

0 . 1  
0.0 
0.05 
0.60 
0.13 
0.11 
0.05 
0.m 

1.00 

0.38 
0.Y 
0.24 

0 . 1  
0 . 1  
0 . u  
0.13 * 
0.19 

METALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLMDMETALS 
DSSOLVEDMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

DSSOLVEDMETALS 
DSSOLVEDMETALS 
DSSOLVEDMETALS 
DISSOLVED-METALS 
DSSOLVEDMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLMDMETALS 
DISSOLVEDMETALS 
DSSOLVEDMETALS 
DSSOLMDMETALS 
DSSOLVEDMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

DISSOLVEDMETALS 
DSSOLVEDMETALS 
DSSOLVEDMETALS 
DSSOLMDMETALS 
DISSOLVEDMETALS 
TOTALYETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

DSSOLVEDMETALS 
DSSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLMDMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

0.42 
0.67 
0.75 
0.71 
0.38 
0.78 
1.00 
1.00 
1.00 
1.00 

0.22 
0.00 

0.11 
0.00 

9.00 
17.30 
14.70 
14.70 
14.70 
18.70 

454.00 
17.30 
17.30 
17.30 
17.30 

988.00 

13.30 1050.00 
4ss.00 m.OO 

15.20 3230.00 
16.40 455.00 
17.50 47.80 
25.W 8sbo.00 

344.00 1890.00 
32.20 4280.00 
85.20 1540.00 
25.80 198.00 

2627.00 

7.50 35.10 

87.33 
400.88 
448.58 
70.16 
16.35 

758.89 
1042.88 
1402.48 
404.47 
92.55 

187885 

15.91 
8.1 
7.77 
7.80 

14.28 
8.88 
8.11 
7.78 

7 . n  

7.73 

ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 

ANTIMONY 
ANTIMONY 
ANTIMONY 
ANTIMONY 
ANTIMONY 
ANTIMONY 
ANTIMONY 
ANTIMONY 
ANTIMONY 
ANnMONY 
ANTIMONY 

ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 

BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BqRlUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 

Pen 
Pen 
Pen 
ron 
Pen 
Pen 
Pen 
ron 
ron 
ron 
ron 

rpn 
ron 
ron 
ron 
Pen 
Pen 
ron 
ron 
ron 
Pen 
ron 
ron 
ron 
ron 
Pen 
ron 
ron 
Pen 
ron 
r& 
ron 
ron 
ron 
ron 
Pen 

ron 
Pen 
ron 
Pen 
ron 
ron 
ron 
ron 
ron 
ron 
ron 

rpn 
P e n  
rpn 
ron 
ron 
ron 
rpn 
con 

BGCR 
CREEK 
ZM) 
201 
202 

BGCR 
CREEK 
200 
201 
202 

BM-LK 

BGCR 
CREEK 
200 
201 
202 

BGCR 
CREEK 

200 
201 
202 

BM-U( 

BGCR 
CREEK 
200 
201 
202 

BM-CR 
BM-LK 
BGCR 

CREEK 
200 
201 
202 

BMCR 
BM-LK 

BGCR 
CREEK 

200 
201 
202 

BGCR 
CREEK 
200 
201 
202 

EM-LK 

BGCR 
CREEK 
200 
201 
202 

BGCR 
CREEK 
200 

B 
S 
S 
S 
S 
B 
S 
S 
S 
S 
B 

B 
S 
S 
S 
S 
B 
S 
S 
S 
S 
B 

B 
S 
S 
S 
S 
B 
B 
B 
S 
S 
S 
S 
B 
B 

B 
S 
S 
S 
S 
B 
S 
S 
S 
S 
B 

B 
S 
S 
S 
S 
B 
S 
S 

58 
2 

12 
12 
5 

108 
8 

I 9  
20 
13 

20 
0 

13 
0 

4 
0 
3 
1 

13 

15 
3 
6 

13 

102 
3 

16 
16 
13 

I12 
8 

19 
20 
13 

8 
0 

9 
1 
1 

133 
3 

I 6  
17 
13 

139 
8 

I 9  
20 
13 

128 

91 
2 

18 
17 
13 

119 
6 

19 
20 
13 

' 4 8  

93 
3 

16 
18 
13 
16 
5 

110 
8 

19 
20 
13 
18 

108 

1 u  
3 

16 
18 
13 

131 
8 

I 9  
20 
13 
75 

89 
3 

I 6  
16 
13 

115 
8 

19 

180.32 
368.17 
938.07 
140.78 
14.61 

1580.09 
668.61 

1035.07 
JsB.02 
55.88 

10.14 

0.44 
0.44 
0.43 
9.72 

0.89 
0.43 
0.43 

1.m 

1.28 

031 
0.48 
0.89 

1.56 
0.31 
0.99 
0.18 
0.94 

34.98 
12.74 
8.33 
4.16 
3.31 

31.88 
18.36 
11.49 
4.52 
3.60 

1.88 

0.m 
0.m 
0.03 
0.87 
0.07 
0.07 

7.50 
16.50 
14.80 
14.80 
14.80 
7.00 

14.80 
14.80 
14.80 
14.80 

104.00 
16.50 
16.50 
16.50 
16.50 
60.00 
19.80 
19.80 
16.50 
16.50 

7.30 54.80 

88.00 

0.90 1.m 

2.40 240 
2.90 290 
2.80 8.30 

1 .oo 
1.00 2.90 
0.70 1.30 
0.m 290 

3.10 6 . 0  

10.00 

18.80 391.00 
20.70 43.10 

21.40 43.10 
20.30 31.40 
26.40 508.00 
25.40 80.10 
27.00 80.10 
25.40 U.sO 

250.00 

0.65 17.00 

2o.m 46.80 

20.40 w m  

0.04 
0.00 
0.19 
0.06 
1.00 

0.70 
2.60 
1.90 
1.90 

5.00 

0 . S  
2.60 
1.80 
2.20 

5.00 

10.00 
2.60 
2.90 
3.20 

5.00 

11.50 
3.20 
2.90 
3.20 

5.00 

1.27 
1.30 
1.46 
1.36 
4. I4 

0.14 
0.38 
0.32 

1.00 

1.99 
1.25 
1.32 
1.45 
4.82 

24.50 0.71 
1.00 
1.00 
1.00 
1.00 
0.85 
1.00 
1.00 
1.00 
1.00 

200.00 48.83 
28.40 
37.01 
35.11 
24.69 
83.69 
37.84 
43.09 
35.89 
2S.W 

47-103 

1.08 
0.20 
0.17 
0.18 
0.17 
0.78 
0.25 
0.20 

0.72 
0.45 
0. I7 
0.12 
0.13 
0.50 
0.49 
0.27 
0.13 
0.u 
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TABLE 0-3 

COMPARlSON TO BEI(CHNARK DATA-SURFACE WATER 

BY-CR I Banchnurk Strmam Valuaa (Ralston Cruk, C m b  Canal. Fannm's Hlghllna una1 (Amads, 1994)) 
B Y L K  = BsnchmA L s h a . I R a m o t  VaIun (Chan*ld b s m o h .  Chww Cnmk B.ar Cr..lr Laka. and Hmiman Laka (Am&. 1091; EPA, 1903 and 1994)) 
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0.42 
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8.80 
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7.m 
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40.70 
37.70 
58.50 

0.10 
3.80 
1.20 
2.10 
2 10 

1.m 
0.80 
0.80 
0.80 
2.50 
2.40 

1.30 

3.80 

8.50 

3.50 
3.50 
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2.00 
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1.80 

4.00 

28.00 
8.10 
0.40 
8.10 
4.50 
40.00 
31.00 
15.50 
20.80 
20.80 
18.50 
4.50 

250 

21.50 

io8o.m 
228.00 
51200 
228.00 
71.10 

1m.00 
80.00 

33W.W 
1643.00 

2R300.00 
2340.00 
2340.00 
1150.00 
528.00 

7.20 
10.20 

10.20 
11.40 
14.00 

888.00 
21.00 
11.00 
18.50 

37.20 

12.80 
12.00 
8.20 

1200 
10.80 
15.50 
11.10 

11.10 

5.80 

1o.m 

8.m 

1.10 
1.14 
0.07 
0.84 
1.m 

8.07 
4.85 
3.15 
1.77 
i . m  

2.55.07 
5.55 

13.24 
9 . B  
5.84 
1.58 

2.50 

8.C3 
5.m 

5.00 

145.45 
122.27 
03.82 
38.10 
35.48 

235851 
1281.17 
1218.88 
1115.0) 
401.58 
158.89 

1.20 
5.85 
3.15 
2.86 
4.20 

2.7548 

7.m 
7.w 
4.34 
7.22 

15.07 
7.80 
5.58 
7.86 
8.22 

11.78 
7.40 
8.34 
7.72 

1.m 

0.20 
0.47 
0.34 
0.m 

5.12 
3.48 
2.87 
1.88 
1.19 

4.21 
7.40 
8.35 
4.25 
1.11 

2.72 

4.13 

i n . 8 0  
104.14 
144.80 
54.28 
22.08 

2885.13 
710.98 
885.21 
332.31 
75.05 

1.22 

1.28 
2.61 
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3.70 
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3.81 
4.49 
2.89 
0.78 

20.53 
3.56 
1.52 
1.41 
1.34 
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1 .u 
1.63 

0.27 
0.42 
0.55 
0.30 

0.84 
0.71 
0.m 
0.W 
0.m 

0.m 
0.5 
0 . 8  
0.n 
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0.85 
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0.62 

2.27 
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0.81 

0.49 
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0.m 
0.40 
0.89 
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0.49 
0.64 
0.61 
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0.45 . 
0.27 
0.18 
0.18 
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0.34 
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B W R  - Benchmark S h a m  Values (Rahton Cre& C m b  Canal. FumWs HlghUne una1 ( h d a .  1994)) 
B Y L K  I 'Benchmmk Lake.IReravot Valun (Chen*ld Resmolr, Chmy Crrk ,  Bear Crook Lake, end Hm'lnun Lake ( h d . ,  1994; EPk  1993 M d  1691)) 
TOTALMETALS , LITHIUM ' ron 202 S 13 13 1.00 
TOTALMETALS LITHIUM ron BM-K B 18 

5.20 9.40 7.29 1.36 0.19 ' 
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DISSOLMDMETALS NICKEL ' Pen BGCR B 4 85 0.05 
DISSOLMD-METALS NICKEL ron CREEK S 0 3 0.00 
DISSOLMDMETALS NICKEL ron m S 1 18 ' 0.08 
DISSOLMI>METALS NICKEL ron 201 S 3 18 0.17 
DISSOLMOMETALS NICKEL , ron 202 S 2 13 0.11 

3.00 40.00 8.20 21.80 1.47 5.50 0.n 
8.00 8.00 3.00 
2.80 8.00 3.50 3.50 2.18 0.82 0 .u  
2.80 8.00 2.80 3.40 2.44 0.84 0.34 
280 8.00 2.80 8.80 2.49 1.50 0.00 



TABLE D-3 
COMPARISON TO BENCHMARK DATASURFACE WATER - 

Maximum Ylnbnum Mabnum 
Numbrof  N u m b r d  Fnquencyot . YlnbnumNond.1.cW Nondetectml 0.trt.d 0.M.d Sbndud C M d m t d  

Yaln Tee1 Gmup Cod. ChemlcalNanv NewUnR DataSource A n a  DetectS Samplr Detection Vatu* vetue value vatu. Man*  Deviation Vrt.(lon 
NOTE 
BWCR I Benchmark Stream Values (Rablon Cm&, Croka Canal, F a W s  Hlghllne canal ( h d a ,  1994)) 
BY-LK - Benchmd L!ke./Rosmvof Va lun  (Chan*kl Rasmolr. Chewy Creak. Bear Cmak Lake. and Hrrhrun Lake (kvada, 1994: €PA, 1995 Md 1894)) 
DISSOLMDMETALS , NICKEL Pen BMCR B 3 4 L  10.00 20.00 
DISSOLVED-METALS NICKEL Pen BM-K B 20 
TOTALMETALS NICKEL Pen B M - K  B 123 10.00 25.00 3.08.3 
TOTALMETALS NICKEL Pen BGCR B 15 120 0.13 3.00 40.00 3.80 12.80 7.11 5.W 0.63 
TOTALMETALS NICKEL Pen  CREEK S 1 8 0.13 2.80 11.20 2.80 2.80 3.74 1.84 0.u 
TOTALMETALS NICKEL Pen  200 S 6 19 0.32 2.80 11.20 2.m 6.50 3.32 1.98 0.48 
TOTALMETALS NICKEL Pen  201 S 5 20 0.25 2.80 8.00 2.80 53.10 4.18 8.89 1.65 
TOTALMETALS NICKEL Pen 202 S 4 13 0.31 2.80 6.00 2.80 23.00 4 . s  6.02 1 .32 

DISSOLVEDMETALS P n o s P n o w s  * Pen BGCR B 4 6 0.67 80.00 296.00 102.00 398.00 0.75 
TOTALMETALS P n o s P n o m s  Pen BGCR B 1 6 0.17 101.00 458.00 157.00 157.00 110.42 88.30 0.82 
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POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 

SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 

SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 

SILVER 
SILVER ' 

SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILMR 
SILVER 
SILVER 
SILVER 

Pen 
Pen 
Pen 
Pen 
Pen 
Ppn 
Pen 
PDll 
Pen 
Ppn 
rpn 

Ppn 
Pen 
Pen 
Pen 
Pen 
Pen 
Pen 
Pen 
Ppn 
Pen 
Pen 
Pen' 
Pen 

Pen 
Pen 
Pen 
Pen 
Pen 
Pen 
Pen 
Pen 
Pen 

Pen 
Pen 
Pen 
Pen 
Pen 
Pen 
Pen 
Pen 
Pen 
Pen  
Pen 
Pen 

BGCR 
CREEK 
200 
201 
202 

BGCR 
CREEK 
200 
201 
202 

BMLU 

BGCR 
CREW 

200 
201 
202 

BMCR 
I BMCR 

B M U  
BGCR 

CREEK 
200 
201 
202 

200 
CREEK 

201 
202 

BGCR 
CREEK 
200 
201 
202 

BGCR 
CREEK 
200 
201 
202 

BMCR 
B M U  
BGCR 

CREEK 
200 
201 
202 

B 
S 
S 
S 
S 
B 
S 
S 
S 
S 
B 

B 
S 
S 
S 
S 
B 
B 
B 
B 
S 
S 
S 
S 

S 
S 
S 
S 
B 
S 
S 
S 
S 

B 
S 
S 
S 
S 
B 
B 
B 
S 
S 
S 
S 

86 12.5 
3 3 

18 16 
18 18 
13 13 
93 128 
8 8 

19 19 

13 13 
35 

20 '20 

0.89 390.00 soW.00 
1.00 
1.00 
1.00 
1.00 
0.n 380.00 5OOO.00 
1.00 
1.00 
1.00 
1.00 

7 84 0.08 
1 3 0.33 

16 
3 18 ' 0.17 
1 13 0.08 

16 
18 

103 
7 120 0.06 
0 8 0.00 

1 20 0.05 
19 

13 

16 18 
3 3 

18 18 
13 13 
67 87 
8 8 

19 19 
20 20 
13 13 

9 96 
1 3 
5 16 

14 
13 
34 

114 
14 116 
0 8 

I 9  
16 
13 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.09 
0.33 
0.31 

0.12 
0.00 

0.80 

2.90 
2.80 
2.90 
5.00 
5.00 
1.00 
0.80 
0.w 
0.80 
2.80 
2.90 

3.70 

2.00 
2.30 
2.30 
2.30 
2.30 
0.10 
0.10 
2.00 
2.10 
2.10 
2.30 
2.30 

20.00 

3.80 

3.80 

3.70 

3.90 

20.00 
3.90 
3.80 
3.90 
3.80 

30.00 
2.30 
3.80 
3.60 
3.80 

10.00 
3.80 
3.80 
5.80 
3.80 

402.00 m.00 
1130.00 2170.00 
1130.00 2030.00 

141.00 640.00 

12Bo.w 6390.00 
1340.00 8390.00 

147.00 740.00 
1lwo.00 

i s ~ 0 . w  21m.00 

493.00 e7w.w 

128o.w 23m.w 

1612.34 
1626.87 
1559.38 
1858.33 

1817.03 
zB11.w 
2051.05 
1913.50 
420.31 

215069MI 

412.n 

0.86 6.80 1.58 
3.90 3.90 2.53 

1.71 
3.00 3.90 2.05 
3.w 3.00 1.64 

5.00 
0.80 6.20 1 . n  

1.33 
1.47 

5.30 5.30 2.06 
1.68 

469.00 
1240.00 
885.00 
410.00 
890.00 
928.00 
544.00 
928.00 
348.00 

3100.00 
3390.00 
3390.00 
3330.00 

1 M o . w  
mo.00 
7770.00 
4MO.00 
3250.00 

1413.08 
2576.67 
1459.33 
1478.69 
8076.23 
4097.25 
2469.89 
1636.95 
1345.23 

2.80 g.Zo 2.75 
3.80 3.80 2.03 
2.50 3.80 2.M 

1.38 
1 . 1  

6.00 
5.00 

2.10 7.20 2.49 
1.28 
1 .u 
1.43 
1.56 

1011.90 
521.57 
181.38 
122.87 
202.77 

1058.88 
1821.01 
1105.88 
235.85 
211.72 

1.72 
1.18 
0.20 
0.75 
0.43 

1.19. 
0.n 
0.50 

0.20 

782.73 
1188.83 
819.80 

1154.47 
3377.17 
2484.82 
2107.20 
880.01 

1107.18 

2.72 
1.53 
0.m 
0.32 
0.35 

o.n 

1.58 
0.33 
0.55 
0.33 
0.33 

0.63 
0.32 
0.12 
0.07 
0.49 
0.W 
0.62 
0.54 
0.12 
0.50 

1.09 
0.47 
0.12 
0.37 
0.23 

0.63 
0.58 
0.34 
0.38 
0.12 

0 . 1  
0 . 6  
0.42 
0.78 
0.5 
0.61 

0 .9  
0.82 

0.m 

0.89 
0.75 
0.32 
0.P 
0.21 

0.63 
0.28 
0.24 
0.93 
0.21 





m e e 
TABLE D-3 

COYPARSON TO BENCHMARK DATA-SURFACE WATER 

M u h u m  MInrnum Muhum 
Numbrot  Numbro t  Fnquencyot YInbnumNona(uW Non~htatmd Dotatad Dotatmd -dud C#mdentd  

Yaln Teat Gmup C o 6  ChunlalNama NawUnN D a b S o m e  ARa D o t d a  Samplr  Dotatbn Value V*h. nlY. Vehn Man. DavhHDn vrwon 
NOTE 
BYCR - Benchmark Strum Valuea (Relaton CN&, Cmkm Canal. Fannu% MghUne a n a l  (Arvada, 1994)) 
BYLK = Banchrnrlr Lak I . IRnmot  Values (ChalReld Rnmolr,  C h w y  Cmk, B e u  C m L  Lake, and Hsrlnun lake (ha ,  1994; W& 19.93 md 1994)) 
DISSOLVED-METALS ' 

DISSOLVED-METALS 
DISSOLVEDMETALS 
DISSOLVED-METALS 
TOTALME TALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

R A M O N U C U ~ S  
DISSOLVED-RADS 
DISSOLVEORADS 
DISSOLVED-RADS 
DISSOLVED-RADS 
DISSOLVED-RADS 
TOTAL-RADS 
TOTAL-RADS 
TOTAL-RADS 
TOTAL-RADS 
TOTAL-RADS 
TOTAL-RADS 

DISSOLVED-RADS 
DISSOLVED-RADS 
DISSOLMDRADS 
DISSOLVED-RADS 
TOTAL-RADS 
TOTAL-RADS 
TOTAL-RADS 
TOTAL-RADS 

DISSOLVED-RADS 
DISSOLMDRADS 
DISSOLVED-RADS 
DISSOLVED-RADS 
TOTAL-RADS 
TOTAL-RADS 
TOTAL-RADS 
TOTAL-RADS 

DISSOLVED-RADS 
DISSOLVED-RADS 
DISSOLVED-RADS 
DISSOLVED-RADS 
DISSOLVEDRADS 
DISSOLVEDRADS 
T O T A L W S  
TOTAL-RADS 
TOTAL-RADS 
TOTAL-RADS 
TOTAL-RADS 

TOTAL-RADS 
TOTAL-RADS 
TOTAL-RADS 

DISSOLVEOWIDS 
DISSOLVEDRADS 
DISSOLVED-RADS 

ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 

AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 

' AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 

GROSS ALPWA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 

GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

PLUTONIUM-239R40 
PLUTONIUM-239R40 
PLUTONIUM-ZI9R40 
PLUTONIUM-P9R40 
PLUTONIUM-P9R40 
PLUTONIUM-P9R40 
PLWONIUM-239R40 
PLUTONIUM-P9R40 
PLUTONIUM-P9R40 
PLUTONIUM-P9R40 
PLUTONIUM-P9R40 

TmnuM 
TRITIUM 
TmnUM 

URANIUM-233R34 
URANIUM-233R34 
URANIUM-23YZ34 

201 
202 

BMCR 
B W  
B W  
BGCR 

CREEK 
200 
201 
202 

BGCR 
CREEK 
200 
201 
202 

BOQI  
B W  
CREW 
200 
201 
202 

BGCR 
200 
201 
202 

BGCR 
200 
201 
202 

BGCR 
200 
201 
202 

BGCR 
200 
201 
202 

BGCR 
BM-LK 
CREEK 
200 
201 
m 

BOCR 
CREEK 
200 
201 
202 

BGCR 
BM-LK 

.I 200 

BGCR 
CREEK 
200 

S 
S 
B 
B 
n 
B 
S 
S 
S 
S 

B 
S 
S 
S 
S 
B 
B 
S 
S 
S 
S 

B 
S 
S 
S 
B 
S 
S 
S 

B 
S 
S 
S 
B 
S 
S 
S 

B 
B 
S 
S 
S 
S 
B 
S 
S 
S 
S 

B 
B 
S 

B 
S 
S 

12 
8 

104 
8 

19 
I 7  
7 

34 
3 

14 
14 
12 

108 

5 
18 
I 7  
12 

60 
18 
15 
12 
85 
15 
15 
11 

81 
18 
15 
12 
82 
18 
20 
13 

38 

- 2  
8 

13 
10 

io5 
7 

13 
19 
12 

73 

5 

55 
2 

12 

18 
13 
34 
20 

144 
151 

8 
18 
20 
13 

34 
3 

14 
14 
12 

108 
48 
5 

18 
17 
12 

60 
1s 
I 5  
12 
85 
15 
15 
11 

81 
18 
15 
12 
82 
18 
20 
13 

38 
5s 
2 
8 

13 
10 

l o 5  
7 

13 
I 9  
12 

75 
60 
5 

55 
2 

12 

0.67 
0.82 

0.69 
1.00 
1.00 
0.85 
0.54 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 

1.00 

1.00 
1.00 
1.00 

5.m 10.10 7.00 

5.00 
5.m 10.10 5.m 

I .m 
1.m 60.40 1.80 

15.00 
13.80 

10.10 10.10 12.80 
5.10 10.10 8.60 

-0.010 
-0.002 
4.003 
4.004 
-0.019 
4.021 

4.001 
4.m 
0.000 

-1.380 
4.420 
4.m 
-0.130 
-2.000 
0.072 
0.440 
4.250 

4.878 
0.060 

4.140 
4.m 
4.400 
0.270 
4.010 
-2.100 

4.123 

0.004 
4.003 
4.002 
4.001 
4.016 
4.001 
4.001 
0.000 
4.005 

-8oo.m 

-29.100 

4.010 
0.480 
0.140 

4.001 

44.W 
143.00 
870.00 
20.00 
89.00 
480.00 
158.00 
158.00 
184.00 
18.00 

0.500 
0.003 
0.018 
0.013 
0.118 
0.038 
0.117 
0.007 
0.017 
0.026 
0.017 

5.000 
2 . m  
1.m 
1.900 

13.000 
2.200 
1.900 
1.200 

41.820 
2.900 
4.300 
2.100 
38.m 
4 . m  
4 . m  
3.000 

0.900 
0.208 
0.m8 
0.002 
0.009 
0.003 
0.018 
0.001 
0.005 
0.009 
0.030 

751.m 
147.000 
144.300 

1.800 
0.480 
0.560 

11.74 
18.48 

18.48-27 
32.74 
8158 
48.48 
38.60 
a.18 

0.070 
0.001 
0.004 
0.003 
0.M3 
0.004 

0.004 
0.- 
0.006 
0.006 

0.667 
0.485 
0.782 
0.496 
1.513 
1.124 
1.178 
0.90 

4.687 
1.821 
1.855 

4.552 

2.177 
0.821 

0.118 
O.ooM.018 

0.005 
0.WO 
0.002 
0.001 
0.004 
0.000 
0.002 
0.002 
0.005 

75.705 
(-318-147 

47.776 

0 3 9  
0.480 
0.418 

(-p.olro.ol9 

0.7132 

2 . m  

8.49 
37.80 

82.29 
59.59 
44.32 
47.49 

5.49 

0.129 
0.003 
0.m 
0.005 
0.034 
0.008 

0.003 
0.005 
0.007 
0.005 

1.123 
0.718 
0.473 
0.545 
2.238 
0.727 
0.489 
0.44s 

8.777 
0.831 
1.025 
0.m 
5.520 
1.- 
1.108 
1.421 

0.204 

0.001 
0.002 
0.003 
0.001 
0.008 
0.001 
0.002 
0.002 
0.010 

209.217 

63.228 

0.365 

0.124 

0.81 
2.05 

1.80 
0.5 
0.91 
1.P 
0.m 

1.63 
5.77 
1.1  
1.39 
2.83 
1.93 

0.11) 
1.00 
1.0. 
0.m 

1.63 
1.48 
0.w 
1.10 
1.48 
0.65 
0.41 
0.m 

1 .a 
0.51 
0.52 
0.98 
1.21 
0.47 
0.51 
1.73 

i.m 

0.28 
-7.82 
1.30 
1.91 
1.96 
2.65 
0.80 
1.w 
1.84 

279 

1.74 

1.01 

0.30 

I 
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S O  
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a ' b  , 
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bC'O 
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Etz'O 
MC'O 

Z W O  
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b m 0  

W ' O  
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SZb'O 
E N 0  
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BBb'O 
6LZ'O 
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8 a ' O  
W O  
CLCO 
Z S ' O  

W ' O  
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SET0 
818'0 
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6 I b % Z ' O  
m.0 
SCb'O 
W O  
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o w 0  
L E O  
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cwo 

W O  
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S 
S 

a 

a 
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6 

S 
S 
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a 
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'11134 
'11134 
'11134 
'11134 
'11134 
n34 
m34* 
'11134 
'11134 
'11134 
M34 
'11136 
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sowlvlol 
sowlvlol 
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sow~u1ossIo 
sovn-a3AlossIo 



a e 
TABLE 0.3 

COWARISDN TO BEWHYARK DATASURFACE WATER 

Yahnum Ylnhum Ynlmun 
N u m k d  N u m k d  Fnquancyd YlnhunHond.1.cbd NondmIu4.d D.1ct.d D.1ct.d 86nBrd Codlldmtd 

Yaln T n t  Omup Cod. ChmnlwlNanw NawUnR DataSourca h a  Dmtmdi 8 q l a  Dmtctlon Valua Vahm mlua Value Nan*  Davbtlon V r w O n  
NOTE 
BWCR = Benchmark sbaam Valuaa (Rabton C n y  C m b  Canal, F a m i  Hl~hl lna canal (Amda. 19941) 
ByLK I Banchmsf. L.*nlRa~mot Values (ChaM.M Rnvvoh, C h q  C m h ,  Ban Crwk Lab, and Harhnan Lahe ( h B ,  lB91; E P h  ID95 and I=)) 

METALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVED-METALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALHETALS 

DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
TOTAL-METALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTAL-METALS 

DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEOMETAIS 
DISSOLVEDMETALS 
TOTAL4dETALS 
TOTALMETALS 
TOTALHETALS 
TOTALMETALS 
TOTALMETALS 
TOTAL-METALS 
TOTAL-METALS 

DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEOMETAIS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

8.00 
17.30 
14.70 
14.70 
14.70 
i8.m 

454.00 
17.30 
17.30 
17.30 
17.30 

888.00 

13.30 
455.00 

15.20 
18.40 
17.50 
25.00 
344.00 
32.20 
85.20 
25.90 

l ~ . W  
73B.W 

3230.00 
455.00 
47.80 

658O.W 
1890.00 
4280.w 
1Lu).00 
198.00 

2827.00 

35.10 

67.33 
400.08 
446.50 

18.35 
7Se..89 

101288 
1402.48 
101.47 
8255 

167885 

15.91 
8.25 

7.80 
7.n 

14.20 
6.68 
8.11 
7.78 
7 . n  

m.ie 

7.n 

180.32 
588.17 
938.07 
140.78 
14.81 

1580.09 
BBB.61 

1035.07 
358.02 
55.66 

ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 
ALUMINUM 

ANTIMONY 
ANTIMONY 
ANTIMONY 
ANTIMONY 
ANTIMONY 
ANTIMONY 
ANTIMONY 
ANTIMONY 
ANTIMONY 
ANTIMONY 
ANTIMONY 

ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 
ARSENIC 

BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 

BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 

Pen 
Pon 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 

ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
roll 
ron 
Ppn 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
w o n  
ron 
ron 
ron 
ron 
roll 
llon 
ron 

ron 
ron 
ron 
ron 
Pon 
ron 
ron 
Pon 

BGCR 
CREEK 

zod 
201 
202 

BGCR 
CREEK 
200 
201 
202 

BM-LK 

BGCR 
CREEK 
200 
201 
202 

BGCR 
CREEK 
200 
201 
202 

B W  

BGCR 
CREEK 
200 
201 
202 

BMCR 
B W  
BGCR 

CREEK 
200 
201 
202 

BMCR 
BM-LK 

BGCR 
CREEK 
200 
201 
202 

BGCR 
CREEK 
200 
201 
202 

BM-LK 

BGCR 
CREEK 

200 
201 
202 

BGCR 
CREEK 
200 

B 
S 
S 
S 
S 
B 
S 
S 
S 
S 
B 

B 
S 
S 
S 
S 
B 
S 
S 
S 
S 
B 

B 
S 
S 
S 
S 
B 
B 
B 
S 
S 
S 
S 
B 
B 

B 
S 
S 
S 
S 
B 
s 
S 
S 
S 
B 

B 
S 
S 
S 
S 
B 
S 
S 

SB 
2 

12 
12 
5 

108 
6 

I D  
20 
13 

20 
0 

133 
3 

18 
17 
13 

139 
8 

ID 
20 
13 

128 

Dl 
2 

16 
I 7  
13 

l l D  
8 

I D  
20 
13 
48 

e3 
5 

18 
16 
13 
18 
S 

110 
8 

ID 
20 
13 
16 

108 

1 u  
3 

16 
I 8  
13 

131 
8 

1D 
20 
13 
r 5  

89 
3 

16 
18 
13 

115 
8 

18 

0.42 
0.67 
0.75 
0.71 
0.38 
0.78 
1.00 
1.00 
1.00 
1.00 

1.84 
' 0.m 

2.4) 
201 
0.m 
1.78 
0.84 
0.74 
0.68 
0.80 

0.P 
0.00 

7.50 
18.50 
14.80 
14.80 
14.80 
7.00 

14.80 
14.80 
14.80 
14.80 

lM.W 
18.50 
18.50 
16.50 
18.50 
60.00 
1D.80 
18.80 
16.50 
18.50 

7.50 10.14 

0.44 
0 . u  
0.43 
8.72 
1.09 
0.63 
0.43 
0.43 

0.64 

0.08 
0.08 
0.08 
0.m 
0.13 
0.11 
0.08 
0.08 

7.30 54.80 13 
0 

0.11 
0.00 

66.00 

1 .m 
2.40 
2.80 
8.30 

1.00 
2.80 
1.30 
2.80 

8.80 

10.00 

391.00 
43.10 
48.90 
43.10 
31.40 

308.00 
80.10 
80.10 
U.50 
34.70 

250.00 

17.00 

0.01 
0.00 
0.19 
0.08 
1.00 

4 
0 
3 
1 

13 

o.m 
2.80 
1.90 
1.80 

5.00 

0.50 
2.80 
1.80 
2.20 

s.OO 

10.00 
2.80 
2.80 
3.20 

5.00 

11.50 
3.20 
280 
3.20 

5.00 

0.80 

2.40 

2.90 
2.90 

1.27 
1.30 
1.48 
1.38 
4 . u  

1.28 

0.51 
0.48 
0.99 

1.00 

0.35 
0.34 
0.2) 

15 
3 
8 

13 

0.14 
0.38 
0.32 

1.00 

1 .00 
o.m 
0.70 

3.10 

1.m 
1.25 
1 . 9  
1.45 
4.82 

1.56 
0.31 
0.99 
0.18 
094 

0.m 
0.25 
0.44 
0.13 
0.18 

102 
3 

16 
I 8  
13 

112 
8 

19 
20 
13 

0.71 
1.00 
1.00 
1.00 
1.00 
0.65 
1.00 
1.00 
1.00 
1.00 

24.50 200.00 16.80 
20.70 
20.70 
21.40 
20.30 
28.40 
25.40 
27.00 
25.40 
20.40 

48.83 
20.40 
37.01 
35.11 
24.89 
85.89 
37.84 
43.09 
35.w 
25.W 

4 7 - m  

1 .m 
0.20 
0.17 
0.18 
0.17 
0.78 
0 . 1  
0.20 

34.98 
12.74 
6.39 
4.16 
3.31 

31.88 
18.36 
11.49 
4.52 
5.80 

0.72 
0.45 
0.17 
0.12 
0.13 
0.50 
0.49 
0.27 
0.13 
0.14 

45.50 200.00 

0.09 
0.00 

8 
0 

0.20 
0.40 
0.30 
0.30 
0.30 
0.20 
0.30 
0.30 

8.00 
0.40 
0.40 
0.40 
0.40 
5.00 
0.80 
0.80 

0.65 1.06 

o m  
o.m 
o m  
0.87 
0.07 
0.07 

1.74 

0.15 
0.15 
0.15 
1.12 
0.2B 
0.35 ' 

D 
1 
1 

0.w 
0.13 
0.05 

0.80 
0.38 
0.40 

4.80 
0.38 
0.40 



TABLE D1 
CONPAREION TO BENCHNARK MTA-WRFACE W A E R  

-_.-- 
Ymlmum Ylnhun YPbnun 

N u m b a d  N u m b r d  Fmqumnqd YInhumNond.hcbd Nond.tr(md 0.hShd O m c h d  W n d u d  Codlldmnto) 
Yaln Tm.1 Group Cod. ChmnlcalNamm NmwUnll OalmBourca Ama Dataeta Samplr O.tr(bn Vmhm Vslum n l u m  Vmkm M a n *  O.vh(bn V m o n  

NOTE 
BYCR Bmnchmark 8hmam Valun (Rahlon Cn.lr. Crokm Canal. F d s  Hlghnnm Canal (hd8.1884))  
B Y L K  - BenchmaL LakmdRasnot Valums (Chafflald Rmsmolr, Chmy Cruk, Bmar C m C  bkm. and Hlr lman bkm ( h d ~ . ,  1894; E P k  199) md 1884)) 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

DISSOLMDMETALS 
DISSOLVE 0-METALS 
DISSOLMDMETALS 
DISSOLMD-METALS 
DISSOLMDMETALS 
DISSOLVEDMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALME~AL~ 

DISSOLVEDMETALS 
DISSOLMDMETALS 
DISSOLVEO-METALS 
DISSOLVEIMETALS 
DISSOLVEIJ-METALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

* TOTALMElALS 

DISSOLMD-METALS 
DISSOLVED-METALS 
DISSOLVED-METALS 
DISSOLVED-METALS 
DISSOLVED-METALS 
TOTALMET.US 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
TOTALMETPSS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

DISSOLVEDMETALS 
DISSOLVED-METALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DlSSOLVEDhlETALS 
1OTALMETAl.S 

BERYLLIUM 
BERYLLIUM 
BERYLLIUM 

CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CADMIUM 

CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 

CESIUM 
CESIUM 
CESIUM 
CESIUM 
CESIUM 
CESIUM 
CESIUM 
CESIUM 
CESIUM 
CESIUM 

CHROMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 

COBALT 
COBALT 
COBALT 
COBALT 
COBALT 
COBALT 

ran 
Pen 
ron 

ron 
Pen 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 

ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 

ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
w o n  
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
Pen 
ron 
ron 
ron 

w o n  
Pen 
Pen 
ron 
ron 
ron 

201 
202 

BM-U( 

BGCR 
CREEK 
200 
201 
202 

BM-CR 
B M U  
BGCR 

CREEK 
200 
201 
202 

BGCR 
CREEK 
200 
201 
202 

BGCR 
CREEK 
200 
201 
202 

B M U  

BGCR 
CREEK 
200 
201 
m 

BGCR 
CREEK 
m 
201 
202 

BGCR 
CREEK 
200 
201 
202 

BM-CR 
BM-LK 
BM-CR 
BM-LK 
BGCR 

CREEK 
200 
201 
202 

BGCR 
CREEK 
200 
201 
202 

BGCR 

S 
S 
B 

B 
S 
S 
S 
S 
B 
B 
B 
S 
S 
9 
S 

B 
S 
S 
S 
S 
B 
S 
S 
s 
S 
B 

B 
S 
s 
S 
S 
B 
S 
S 
S 
S 

B 
S 
S 
S 
S 
B 
B 
B 
B 
B 
S 
S 
S 
S 

B 
S 
S 
S 
8 
B 

1 20 
13 
42 

3 
3 
3 
1 
2 

I53 
3 

18 
13 

153 

19 
20 
13 
41 

8 
0 
4 
5 
4 

10 
0 
5 

3 

8 
0 

1 
1 

l e  

e 

1 
8 

77 
3 

l e  
l e  
13 
33 

142 
108 

8 
18 
20 
13 

153 
3 

18 

13 
153 

18 
20 
13 

i e  

e 

97 
3 

18 
13 

120 

18 
20 
13 

88 
3 

l e  

e 

l e  
l e  
15 
14 
5 

145 
120 

8 
19 
20 
13 

88 
3 

l e  

i e  
i e  

l i e  
13 

0.05 

0.08 
0.33 
0.08 
0.11 
0.08 

o m  

0.05 

0.38 
0.16 

0.15 

1.00 
1.m 
1.m 

1.m 
1.m 
1.m 
i . m  
1.00 
1.00 

1.00 

0.08 
0.00 
0.15 
0.28 
0.31 
0.W 
0.00 
0.28 

0.P 

0.10 
0.00 

0.08 
0.08 

0.16 
0.13 
0.11 
0.10 
0.m 

o m  
0.00 
0.08 

0.m 
0.07 

0.30 
0.30 

1.40 
1.40 
1.40 
1.40 
1.40 
1.00 
0.10 
1.40 
1.40 
1.40 
1.40 
1.40 

2.00 
50.00 
50.00 
50.00 
50.00 
2.00 

50.00 
50.00 
50.00 
50.00 

2.00 

2.60 
2.60 
2.80 
5.00 

5.00 

2.00 

2.00 
2.60 
2.60 

2.00 
2.30 
1.30 
1.30 
1.30 

3.70 

2.m 

2.m 

0.40 
0.40 
2.00 

5.00 
1.40 
1.50 
1.50 
1.50 
5.00 

5.00 
2.30 
2.30 
1.50 
1.50 

2500.00 
50.00 
50.00 
50.00 
50.00 

2500.00 
SW.00 
SW.OO 
50.00 
50.00 

20.00 
3.70 
3.70 
3.70 

' 3.70 
5.00 

5.00 

13.50 
3.70 
3.70 
3.70 
3.70 

50.00 
2.30 
2.30 
2.30 
2.30 

50.00 

0.36 

230 
2.50 
1.50 
2.50 
i . m  

280 

*.eo 
2.40 

2.40 
4.00 

6780.00 

13900.00 
14eoo.00 
11200.00 
ssos.75 

11ooo.m 
11ooo.00 

11100.00 

139oo.m 

i28oo.m 

60.00 

50.00 
50.00 
50.00 
50.00 

50.00 

5o.m 

2.10 

5.m 
3.40 

1.00 
2.10 

4.30 

85.80 

2.40 

2.80 

2.80 

1.80 

1.m 
2.m 

0.36 

3.50 
250 
1.50 
2.50 
1.80 
2.50 

4.20 
7.m 

2.m 
2.80 
2.40 
8.00 

7BBJoo.00 
27200.00 
22ooo.00 

14ZOO.00 
74800.00 

47200.00 
2el00.00 
13900.00 
7ZWO.00 

200.00 

80.00 
80.00 
80.00 
400.00 

80.00 

80.00 

14.80 

2 7 m . m  

47200.m 

3.80 
5.40 

8.00 
5.00 

58.00 
18.80 

4.40 

85.80 

4.80 

2.80 

2.80 

1.80 

1.80 
7.80 

0.18 
0.17 

i . n  

om 

1.30 
0.78 

0.82 

O.Pl.33 
1.89 
1.47 
1.02 

1.82 

24093.88 

lBIs(L25 
23127.78 
1278231 
24071.86 
2121250 
19821.05 
22085.00 

33zBo37380 

355.88 
25.00 
31.88 
34.72 
3e.u 

108.38 

25.00 
33.85 

5.24 
1.85 
1.54 
1.71 
1.67 

o.ei 

iese.e7 

12e7e.82 

241.7~ 

89.21 

1.9-3.87 
3.81 
1.99 
1.72 
1.70 
8.47 

4.88 
1.15 
0.1 

0.85 
5.35 

0.80 

0.05 
o.m 

0.82 
1.04 
0.18 
0.57 
0.30 

0.a 

0.81 
0.37 
239 

10804.88 

1822.44 
2520.46 

1067123 
12141.48 
7338.15 
3340.39 
e40.m 

om 

74~34.87 

102e.32 

281.41 

12.50 
17.18 
19.51 

184.80 
118.45 
82.15 

17.83 

2.89 

0.28 
0.58 
0.58 

2.88 
0.88 
0.87 
0.48 

17.85 

8.28 

0.36 
0.28 
0.38 
8.07 

0.27 
0.11 

0.35 

0.25 
0.62 
0.38 

0.m 

0.40 
0.83 
0.83 
0.48 
1.48 

0.45 
0.40 
0.10 
0.11 
0.08 
0.44 
0.57 
0.37 
0.15 
0.07 

o m  

0.39 
0.50 
0 .9  
0.78 
1.08 
1.18 

0.53 

0.m 

0.18 
0.34 
0.35 

0.82 
0.41 
0.57 
0.28 
2.79 

1.!29 

0.38 
O B  
0.39 
1.51 : 



0 e 
TABLE DJ 

COWARCiON TO BENCHMARK DATA-SURFACE WATER 

BYCR B8nchmark S h a m  Vabas (Ratston Creak, Crob Wnal, F8nn&* Hlghlln8 canal (kvada. lso4)1 
B Y L K  - B8nchmrC L a k n l R a w v o t  V a b n  ( C h N l d  R8smolr. C h w  C r r k ,  b a r  Cnak Lak8. and Hsrbrvn Lake (AIvada. 1994; EPh 1963 md 1994)) 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

DISSOLMDMETALS 
DISSOLMDMETALS 
DSSOLVEDMETALS 
DISSOLVEDLIETALS 
DISSOLMDMETALS 
DlSSOLVEDMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALUETALS 

DISSOLMDMETALS 
DISSOLMDMETALS 
DISSOLMOMETALS 
DISSOLVEDMETALS 
DISSOLMDMETALS 
DISSOLMDMETALS 
DISSOLMDMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLMDMETALS 
DISSOLMDMETALS 
DISSOLMDMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

DISSOLMDMETALS 
DISSOLMDMETALS 
DISSOLVEDMETALS 
DISSOLMDMETALS 
DISSOLVEDMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

COBALT 
COBALT 
COBALT 
COBALT 
COBALT 

COPPER 
COPPER 
COPPER 
COPPER 
COPPER 
COPPER 
COPPER 
COPPER 
COPPER 
COPPER 
COPPER 
COPPER 

CYANIDE 
CYANIDE 
CYANIDE 
CYANIDE 

IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 
IRON 

LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 

LITHIUM 

LlndUM 
UTMUM 
LITHIUM 
LITHIUM 
LIndUM 
LITHILA4 
LITHUM 

UndUM - 

Pen 
ron 
ron 
ron 
ron 

ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
rC 
ron 
ron 
ron 

rC 
ron 
ron 
ron 

ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 

Pon 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 

ron 
ron 
ron 
ron 
ron 
ron 
Pen 
ron 
Pen 

CREEK 
200 
201 
202 

BM-LK 

BGCR 
CREEK 
m 
201 
202 

BMCR 
BM-LK 
BGCR 

CREEK 
m 
201 
202 

BGCR 
m 
201 
202 

BGCR 
CREEK 
m 
201 
nn 

BMCR 
B Y U  
B M C R  
B M U  
BGCR 

CREEK 
m 
201 
202 

BGCR 
CREEK 
m 
201 
202 

BMCR 
EM-LK 
BGCR 

CREEK 
200 
201 
202 

BGCR 
CREEK 
200 
201 
202 

BGCR 
CREEK 
m 
201 

S 
S 
S 
S 
B 

B 
S 
S 
S 
S 
B 
B 
B 
S 
S 
S 
S 

B 
S 
S 
S 

B 
S 
S 
S 
S 
B 
B 
B 
B 
B 
S 
S 
S 
S 

B 
S 
S 
S 
S 
8 
B 
B 
S 
S 
S 
S 

B 
S 
S 
S 
S 
B 
S 
S 
S 

0 
3 
2 

48 
2 
8 
8 
5 

47 
7 

13 
I 8  
3 

2 

I 

1 07 
3 

12 
12 
13 

147 
8 

19 
20 
13 

25 
3 

18 
9 

12 

52 
8 

19 
17 
13 

51 
3 

1s 
18 
13 
59 
7 

18 
20 

8 

. 19 
20 
13 
5 

124 
3 

18 
18 
12 
34 

188 
121 

8 
1s 
17 
I 3  

25 
1s 
18 
13 

IS2 
3 

1s 
1s 
13 
33 
20 
35 

I91 
IS7 

8 
19 
20 
13 

112 
3 

18 
18 
13 
33 

125 
131 

8 
19 
20 
'13 

118 
3 

18 
18 
13. 

128 
7 

18 
20 

0.00 
0.18 
0.10 

0.39 
0.67 
0.54 
0.33 
0.42 

0.39 
0.88 
0.67 
0.94 
0.23 

0.08 

0.083 

0.70 

0.80 
0.80 

1.00 

1.00 

0.94 
1.00 
1.00 
1.00 
1.00 

0.22 
1.00 
1.00 
0.50 
0.92 

0.40 
1.00 
1.00 
0 . S  
1.00 

0.43 
1.00 
0.94 

1.00 
0.47 
1.00 
1.00 
1.00 

i.m 

1.30 
1.30 
1.30 
1.30 

200 
2.40 
1.80 
1.80 
1.80 
1.00 
1.00 

' 200 
230 
1.80 
1.80 
1.80 

1.50 
10.00 
10.00 
10.00 

3.00 

4.00 
18.30 

10.00 

10.00 
10.00 
8275 

0.40 

1.00 
1.90 
1.00 

o.m 

200 

1.00 

3.m 

200 

2.m 
zm 
2.30 
2.30 

w.m 
2.40 
2.40 
2.40 
2.40 

25.80 
2.30 
2.30 
1.80 
2.40 

20.00 
10.00 
10.00 
10.00 

318.00 

19.30 
18.30 

478.00 

13.10 

2.20 
1.90 

11.80 

2.m 

101.00 

3.10 

100.00 

1.50 
1.30 

2.40 
5.50 
2.00 
1.90 
2.10 

2.60 

4.30 

2.20 

2.00 

21.50 

5.80 

2.80 

9.30 
18.80 
8.60 

11.00 
7.00 

9.m 
453.00 
40.70 
37.70 
56.50 

o.m 
3.60 
1.20 
2.10 
2.10 

1.00 

0.90 
0.90 
2.50 
2.40 

1.30 
s.80 
3.80 

0.80 

5.90 
8.50 
2.00 
5.50 
3.50 
4.90 

2.80 
1.80 

4.00 

28.00 
8.10 
9.40 
8.10 
4.50 

48.00 
31.00 
15.50 
20.90 
20.80 
16.50 
4.50 

2.50 

21.50 

loBo.00 
228.00 
57200 
228.00 
71.10 

1m.00 
80.00 

3300.00 
1643.w 

28300.00 
2340.00 
2340.00 
1150.00 
528.00 

7.20 
10.20 
5.80 

10.20 
11.40 
14.00 

BBB.00 
21.00 
11.00 
18.50 

37.20 

12.80 
12.00 
8.20 

12.00 
10.80 
15.50 
11.10 

11.10 

1o.m 

8.10 

1.10 
1.14 
0.97 
0.64 
1.00 

8.07 
4.83 
3.15 
1.77 
l .W 

255.97 
5.35 

13.24 
9.25 
5.84 .b 

1.58 

2.50 
s.00 
8.03 
s.OO 

145.41 
122.27 
93.82 
38.10 
35.48 

-1 
1281.17 
1218.88 
l l I S . M  
401.56 
156.69 

1.29 
5.63 
3.15 
2.65 
4.20 

27588 
1 .94 
7.89 
7.04 
4.34 
7.22 

lS.97 
7.80 
5.56 
7.65 
8 . P  

11.78 
7.40 
8.34 
7.72 

0.20 
0.47 
0.34 
0.25 

5.12 
3.u) 
2.67 
1.88 
1.19 

4.21 
7.40 
8.35 
4.25 
1.11 

2.72 

4.13 

1 n . m  
104.14 
1 u . w  
54.28 
22.08 

2885.13 
719.98 
05 .21  
332.31 

75.05 

1 . P  

1.28 
2.81 
272 

3.70 

232 
3.81 
4.4s 
289 
9.78 

20.55 
3.56 
1.52 
1.41 
1.34 

17.38 
254 
1 .u 
1.63 

0.27 
0.42 
0.55 
0.30 

0.64 
0.71 
0.5 

0.82 
0.m 

0.79 
0.56 
0.69 
0.73 
o.m 

1.09 

1.22 
0.m 
1.56 
1.50 
0.82 

2.27 
0.58 
0.81 

0.48 

0.W 
0.82 
0.40 
0.99 
0.65 

0.83 

1.20 
0.48 
0.64 
0.67 
1.35 

1.29 
0.45 
0.27 
0.18 
0.18 
I .48 
0.34 
0.P 
0.21 
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TABLE 0.3 
COMPARISON TO BENCHYIRK DATASURFACE WATER 

Yalmum Y l n h u m  Y ~ h n u m  
N u m b r o )  Numko) Fmquancyot Y l n h u m N o n d h c M  N00nd.td.d D.trhd D.tr(.d Shndwd Cod#ckncd 

DWhnm v.rwon Yaln l a s t  Qmup Coda C h m l c a l N a m  NewUnR D.t.&um h a  0.t- 8amDlr D o l d l o n  Valua Valu. nlu. Valu. Ym. 
NO= 
EYCR = Eanchmrk Smam Valuaa (Rahlon Cnek, C m b  Canal, Fumu'a Hlphllna canal (hmda, 1994 
E Y L K  - Eanchmmk LakadRasmot Vatu.. (Chatfhld Rnrro I r ,  Chary Crnk.  Emr Crmok Laka, and Hurlman b k a  (ha ,  1994: EP& 1993 md IS94)) 
DISSOLVED-METALS ' ,  NICKEL ron BMCR B 34 10.00 20.00 
DISSOLVEDMETALS NICKEL ron BM-LK B 20 10.00 
TOTALMETALS NICKEL ron BM-LK B 123 10.00 25.00 3.04.3 

NICKEL BGCR B 15 120 0.13 3.00 40.00 3.80 12.80 7.11 5.88 0.- 
TOTALMETALS NICKEL ron CREEK S 1 8 0.13 2.80 . 11.20 2.80 2.80 3.74 1.84 0.44 
TOTALMETALS NICKEL ron 200 S 8 19 0.32 2.80 11.20 2.70 8.50 3.32 1.59 0.48 
TOTALMETALS NICKEL w o n  201 S 5 20 0.25 2.80 8.m 2.80 33.10 4.18 8.89 1.86 
TOTALMETALS NICKEL ron 202 S 4 13 0.31 2.80 8.m 2.80 23.00 4.58 8.02 1.32 

DISSOLVEDMETALS PWSPHORUS ron BGCR B 4 8 0.67 80.00 298.00 102.00 398.00 10.50 122.37 0.7S 
TOTALMETALS PHOSPHORUS POn BGCR B 1 8 0.17 101.00 458.00 157.00 157.00 110.42 88.50 0.62 

TOTALMETALS 

DISSOLVED-METALS 
DISSOLVED-METALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLMD-METALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

DISSOLMDMETALS 
DISSOLMD-METALS 
DISSOLVED-MET AIS 
DISSOLMDMETALS 
DISSOLVED-METALS 
DISSOLVEDMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLMDMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

DISSOLVED-METALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 

POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 
POTASSIUM 
POTESIUM 

SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 
SELENIUM 

SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 
SILICON 

SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 
SILVER 

ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
rpn 

ron 
ron 
ron 
ron 
ron 
w o n  
ron 
ron 
ron 
ron 
ron 
ron 
ron 

ron 
ron 
ron 
ron 
w o n  
ron 
r& 
ron 
ron 

ren 
Pen 
ron 
ron 
w o n  
ron 
ron 
ron 
ron 
ron 
Pen 
Pen 

BGCR 
CREEK 
200 
201 
202 

BGCR 
CREEK 
200 
201 
202 

BM-W 

BGCR 
CREEK 
200 
201 
202 

BMCR 
BHCR 
B M U  
BGCR 

CREEK 
200 
201 
202 

200 
CREEK 

201 
202 

BGCR 
CREEK 
200 
201 
202 

BGCR 
CREEK 
200 
201 
202 

BWCR 
BM-W 
BGCR 

CREEK 
200 
201 
202 

B 
S 
S 
S 
S 

S 
S 
S 
S 

e 

e 

e 
S 
S 
S 
S 
e 
e 
E 
B 
S 
S 
S 
S 

S 
S 
S 
S 

s -  
S 
S 
S 

e 

e 
9 
S 
S 
S 
B 
B 

S 
S 
S 
S 

e 

88 
3 

18 
18 
13 
93 
8 

19 
20 
13 

125 
3 

18 
18 
13 

128 
8 

19 
20 
13 
35 

84 
3 

18 
18 
13 
I 8  
18 

103 
120 

8 
19 
20 
13 

18 
3 

18 
13 
87 
8 

19 
20 
13 

0.89 
1.00 

1.00 
1.m 

1.m 
0.n 
i.m 
1.m 
i.m 
1.m 

390.00 5ooo.00 402.00 
1150.00 
1130.00 
1sBD.00 
141.00 

38o.m 5wo.00 493.00 
1260.00 
1340.00 
1280.00 
147.00 

8800.00 
2170.00 
2030.00 
2170.00 

840.00 
8700.00 
8390.00 
6390.00 
2370.00 
740.00 

11wo.00 

8.80 
5.90 

3.90 
3.00 

1812.34 
1828.87 
1559.38 
1858.33 

1817.03 
2611.25 
2051.05 ' 

1913.50 
420.31 

215069w 

1.58 
2.53 
t.71 
2.05 
1.M 

412.77 

1011.80 0.93 
521.57 0.32 
181.38 0.12 
122.87 0.07 
20277 0.49 

1058.88 0.9 
1821.01 0.82 
ll05.W 0.54 
235.85 0.12 
211.72 0.50 

0.W 
0.33 

0.17 
0.m 

0.80 

2.80 
2.80 

3.70 

2.90 
5.m 
5.m 

0.80 
0.80 

2.80 

1.00 

0.80 

2.90 

20.00 

3.80 
3.90 
3.80 

3.70 
0.85 
3.90 

3.00 
3.m 

1.72 
1.18 
0.20 
0.75 
0.43 

1.09 
0.47 
0.12 
0.37 
0.28 

5." 
8.20 1.19 

0.50 

0.P 

782.73 
1188.63 
819.80 

1154.47 

2464.82 
2107.20 
BBo.01 

1107.18 

2.72 
1.53 
0.66 
0.32 
0.33 

0.n 

o.n 

33n.17 

0.08 
0.00 

0.M 

20.00 
3.90 
3.80 
3.90 
3.80 

0.80 1.27 
1.33 
1.47 

1.88 

1413.06 
2578.67 
1459.33 
1478.89 

4097.25 
2489.89 
1638.85 
1365.23 

2.75 

2.04 
1.38 
1.56 

zm 

eore.23 

zoo 

0.85 
0.58 
0.31 
0.58 
0.12 

0.56 
0.45 
0.42 
0.78 
0.58 
0.81 
0 . 1  
0.54 
0.82 

0.89 
0.73 
0.32 
0.P 
0.21 

5.30 5.30 

18 
3 

18 
13 
87 
8 

19 
20 
13 

1.00 
1.00 
1.00 
1.00 
1.m 
1.m 
i.m 
1.m 
1.m 

0.09 
0.33 
0.31 

489.00 
1240.00 
865.00 
410.00 
890.00 
928.00 
544.00 
928.00 
348.00 

3100.00 
3390.00 
3390.00 
5330.00 

15200.00 
7770.00 
7770.00 
4040.00 
3250.00 

9 98 
1 3 
5 18 

14 
13 
34 

114 
14 118 
0 8 

19 
18 
13 

2.m 
2.30 
2.30 
2.30 
2.30 
0.10 
0.10 

2.10 
210 
2.30 
2.30 

2.m 

30.00 2.80 9.20 
2.30 3.80 3.80 
5.80 2.50 3.80 
3.80 
3.80 

8.00 
3.00 

10.00 2.10 7.20 
3.80 
3.80 
3.80 
3.80 

0.12 
0.00 

2.49 
1.28 
1.44 
1.43 
1.56 

1.58 
0.33 
0.35 
0.33 
0.33 

0.93 
0.28 
0.24 
0.P 
0.21 



TABLE 0.3 
COYPARPION TO O E N C W K  OATA-SURFACE WATER 

__I_ 

Ubndud C o d W d d  
Davbtlon V r w O n  

Numbard N u m k d  F n g u a n q d  YtnhumI(ond.lcbd Il0nd.M.d D. tuhd  0.t- 
Yiln 1-1 Group Cod. ChmlulNanw NawUnll Dat.Soum Ana 0.tutn S u n ~ l r  Oetdlon Vlhl. V.lu. *.be Value MU. 

unrc. ._-.-. 
BYCR - Banchmark Smam V i l u i i  (Ratston Cnak, C m b  Canal. F d a  Hlghnni anal  (kvads. 1994)) 
B W K  I B i n c h m d  L q k e d R a m o t  Valuaa (ChacW.ld Rnrvoh, C h r y  C r r k ,  Bair Cnmk Lab. and Hrrtnun Lake ( h B .  1991: €PA, 1993 M d  I=)) 
DISSOLWDMETALS . SODIUM ron BGCR B 151 152 0.89 
DISSOLVEDMETALS SOOlUM ron CREEK S 3 3 1.00 
DISSOLWDMETALS SODIUM P e n  200 S 18 18 1.00 
DISSOLVEMETALS SOOIUM ron 201 S 18 18 1.00 
DISSOLWDMETALS SODIUM ron 202 S 13 13 1.00 
TOTALMETALS SODIUM ron BGCR B 154 155 0.89 
TOTALMETALS SODIUM ron CREEK S 8 8 1.00 
TOTAL-METALS SOMUM ' ron m S 19 19 1.00 
TOTALMtiTALS SODIUM ron 201 S 20 20 1.00 
TOTALMEiTALS SODIUM ron 202 S 13 13 1.00 
TOTALMETALS SODIUM ron BM-LK B 38 

DISSOLVEMETALS STRONTIUM ron CREEK S 3 3 1.00 
DISSOLVEDMETALS STRONTIUM ron m S 18 18 1.00 
OISSOLMDMETALS STRONTIUM ron 201 S 18 1e 1.00 
OISSOLMMETALS STRONTIUM ron 202 S I 3  13 1.00 
TOTALMETALS STRONTIUM ' ron BGCR B 117 135 0.87 
TOTALMETALS STRONTIUM ron CREEK S 8 8 1.00 
TOTALMETALS STRONTIUM ron 200 S 19 1s 1.00 
TOTALMETALS STRONTIUM ' ron 201 S 20 20 1.00 
TOTAL-METALS STRONTIUM ron 202 S 13 13 1.00 

DISSOLVE METALS STRONTIUM *on BGCR B 112 138 0.81 

TOTAL-METALS STRONTIUM , ron BM-U( B 18 

17100.00 17100.00 4190.00 

5370.00 
7270.00 

27100.00 
m . 0 0  m . O O  5700.00 

4810.00 
4810.00 
8940.00 

z m . 0 0  

53m.w 
44m.w 
14200.00 
8810.00 

14200.00 
32500.00 
45400.00 
4WOO.00 
4woo.00 

4 1 m . 0 0  
31200.00 
!UOW.00 

438.00 
189.00 
147.00 
189.00 
137.00 
408.00 
308.00 
308.00 
188.00 
132.00 
458.00 

1.20 

17045.88 
W . 8 7  
7980.00 

11770.58 
29781.54 
16588.80 
12888.00 
8551.05 

31817.00 
29078.82 

lzwoduaa 

180.88 
128.07 
130.45 
159.00 
124.82 

150.81 
135.86 
157.42 
122.89 
248.94 

i n . 3 1  

7281.85 
4847.85 
745.48 

1875.07 
7500.07 

11m09.00 
7531.34 

80201.58 
1484.52 

i 3 m . n  

0.43 
0.52 
0.w 
0.11 
0 . 0  
0.U 
0.82 
0.81 
2.8) 
0.05 

100.00 1 m . w  39.80 
w.20 

102.00 
114.00 

100.00 1m.00 37.40 

98." 

n.80 
77.80 
98.40 

114.00 

145.58 
51.98 
13.03 
18.85 
7.54 

130.50 

45.80 
17.74 
8.01 

n .88  

0.m 
0.40 
0.10 
0.11 
0.08 
0.74 
0 . g  
0.34 
0.11 
0.05 

DISSOLMDMETALS 
OlSSOLMDMETALS 
DISSOLVEIZMETALS 
DISSOLMDMETALS 
OISSOLMDMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTAtMETALS 
TOTALMETALS 
TOTALMEI'US 

DISSOLVEMETALS 
DISSOLMDMETALS 
DISSOLMC-METALS 
OISSOLMDMETALS 
DISSOLVED-METALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTAL-METALS 

OISSOLMDMETALS 
DISSOLMDMETALS 
DISSOLMDMETALS 
DISSOLMDMETALS 
DISSOLMDMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETPLS 
TOTALMETALS 

THALLIUM 
THALLIUM 
THALLIUM 
THALLIUM 
THALLIUM 
THALLIUM 
THALLIUM 
THALLIUM 
THALLIUM 
THALLIUM 
THALLIUM 

TIN 
TIN 
TIN 
TIN 
TIN 
TIN 
TIN 
TIN 
TIN 
TIN 

VANADIUM 
VANADIUM 
VANADIUM 
VANADIUM 
VANADIUM 
VANADIUM 
VANADIUM 
VANADIUM 
VANADIUM 
VANADIUM 

Pon 
ron 
con 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 

ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 
ron 

ron 
ron 
ron 
ron 
ron 
ron 
Pen 
ron 
ron 
ron 

BGCR 
CREEK 
200 
201 
202 

BGCR 
CREEK 
m. 
201 
202 

BM-LK 

BGCR 
CREEK 
m 
201 
202 

BGCR 
CREEK 
200 
201 
202 

BGCR 
CREEK 
m 
201 
202 

BGCR 
CREEK 
200 
201 
202 

B 
S 
S 
S 
S 
B 
S 
S 
S 
S 
B 

B 
S 
S 
S 
S 
B 
S 
S 
S 
S 

B 
S 
S 
S 
S 
B 
S 
S 
S 
S 

2 
0 

97 
3 

I8 
18 
13 

124 
e 

i e  
20 
13 
18 

98 
3 

18 
17 
13 

118 
8 

19 
20 
13 

106 
3 

18 
18 
13 

120 
8 

19 
20 
13 

0.02 
0.00 

0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 
0.80 

15.00 
0.80 
4.30 
1.80 
4.50 

40.00 

4.30 
1.80 
4.50 

1.m 

1.20 1.65 1.48 0.80 
0.45 
1.82 0.48 0.1 
0.81 0.12 0.19 
1.18 0.89 0.80 
1.68 2.15 1.28 
0.87 0.21 0.31 
1.88 0.58 0.33 
0.8) 0.11 0.18 
1 .P  0.n 0.82 

n.74 21.15 o.n 
8 . l  
4.48 1.81 0.31 
7.01 5.09 0.44 
4.m 1.88 0.40 

1B.81 22.01 1.12 
4.88 1.31 0.27 
5.41 2.08 0.51) 
4.52 1.81 0.38 
4.57 1.88 0.31 

3 
0 

0.02 
0.00 

1.80 3.40 

12.00 

7240 17 
0 

5 
1 

I 8  
0 
3 

1 

13 
0 
2 

8 
33 
2 

10 
1 
8 

0.17 
0.00 

0.29 
0.08 
0.15 
0.00 
0.18 

0.08 

0.12 
0.00 
0.13 

0.48 
0.28 
0 .Z  
0.53 
0.- 
0.48 

9.m 
12.50 
8.20 
8.20 
8.20 
7.00 
8.20 
8.20 
8.20 
8.20 

2.00 
3.30 
2.50 
2.50 
2.50 
2.00 
2.50 
2.50 
2.50 
2.50 

138.00 
12.50 
12.50 
12.50 
12.50 

138.00 
12.50 
12.50 
12.50 
12.50 

50.00 
3.30 
3.30 
3.30 
3.30 

80.00 
3.50 
3.50 
3.30 
3.30 

10.80 

8.30 
8.10 

11.00 

7.00 

8.50 

2. 00 

2.70 

2.80 

3.m 
2.80 
3.80 

2.00 

2.50 

13.10 
8.10 

180.00 

B. m 

8.50 

12.10 

3.40 

8.10 
18.20 

8.00 

8.40 

4.m 

3.80 

4.20 
1.- 
1.- 
1 .e 
2.79 
8.81 
2.29 
3.15 
1.58 
2.80 

5.56 
0.00 
0.59 
0.21 
1.59 
8 . P  
1.28 
2.w 
0.58 
1.58 

1.32 
0.00 
0.38 
0. I 4  
0.58 
1.24 
0 . 1  
0.88 
0.36 
0.m 

DISSOLVEDMETALS ZINC 
DISSOLMDMETALS ZINC 
DISSOLVEDMETALS ZINC 

ron BGCR B 88 138 0.82 
ron CREEK S 3 3 1.00 
ron 200 S 8 I 8  0.50 

1.70 44.00 2.40 111.50 14.08 18.21 1.29 
28.00 15.91 0.57 

5.m 10.10 5.m 30.49 10.03 B.35 0.W 
13.30 44.80 

i 



TABLE 0-3 
CONPARISON TO BENCHYARK DATA-SURFACE WATER 

- 
Yphnum Ylnbnum Yabnurn 

Numbrot Numbrot Fmquencyot YlnbnumNan#.cM Nondatr(.d Dmtm3.d Dmtdmd S b n M  C m d  
Ydn Tnt  Gmup Cob. ChmIulNanw NewUnll DataSource h e  D m t d  Sunplr Dmtdbn Value VdUD Man* D O v W o n  vrwofi nlua Value 

unm. 
.__.I - 
B U R  Benchmark Striam Values (Rabton Creek., Crab  bMl, Famw'm Hlphllne a n a l  (kvsbs.  1994)) 

DISSOLVED-METALS 
DISSOLVEDMETALS 
DISSOLVEDMETALS 
DISSOLMDMETALS 
TOTALMETALS 
TOTALMETALS 
TOTALMETALS 
TOTAL-METALS 
TOTALMETALS 
TOTALMETALS 

R A O l O M J ~ ~ S  
DISSOLVEDRADS 
DISSOLVED-RADS 
DISSOLVEDRADS 
DISSOLVEDRADS 
DISSOLVEDRADS 
TOTALRADS 
TOTALRADS 
TOTALRADS 
T O T A L W S  
TOTALRADS 
TOTALRADS 

DISSOLVEDRADS 
DISSOLVEDRADS 
DISSOLVEDRADS 
DISSOLVEBRADS 
TOTALRADS 
TOTALRADS 
TOTALRADS 
TOTALRADS 

DSSOLEDRADS 
DISSOLVEDRADS 
DlSSOLVEDRADS 
DISSOLVEDRADS 
TOTALRADS 
TOTALRADS 
TOTALRADS 
TOTALRADS 

DISSOLVEDRADS 
DSSOLVEDRADS 
DSSOLVEDRADS 
DlSSOLVED-RADS 
DISSOLVEBRADS 
DSSOLVEDRADS 
TOTAL-RADS 
TOTALRADS 
TOTALRADS 
TOTALRADS 
TOTALRADS 

TOTALRADS 
TOTALRADS 
TOTALRADS 

DISSOLVEDRADS 
DISSOLVEDRADS 
DlSSOLVEDRADS 

ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 

AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 
AMERICIUM-241 

GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 

GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 

PLUTONIUM-P9,240 
PLUTONIUM-P9,240 
PLUTONIUM-PW40 
PLUTONIUM-PS,240 
PLUTONIUM-P9,240 
PLUTONIUM-PW40 
PLUTONIUM-239R40 
PLUTONIUM-P9R40 
PLUTONIUY-Z3S~40 
PLUTONIUM-PS,240 
PLUTONIUM-PSR40 

TmnuM 
r m n u M  
TmnuM 

URANIUM-233234 
URANIUM-2331234 
URANIUM-233234 

201 
202 

BMGR 
BM-LK 
BM-LK 
BGCR 

CREEK 
200 
201 
202 

BGCR 
CREEK 
200 
201 
202 

BGCR 
BMLK 
CREEK 

200 
201 
202 

BGCR 
200 
201 
202 

BGCR 
200 
201 
202 

BGCR 
200 
201 
202 

BGCR 
200 
201 
202 

BGCR 
BM-LK 
CREEK 
200 
201 
202 

BGCR 
CREEK 
200 
201 
202 

BGCR 
EMU( 
200 

BGCR 
CREEK 

200 

S 
S 
B 
B 
B 
B 
S 
S 
S 
S 

8 '  
S 
S 
S 
S 
B 
B 
S 
S 
S 
S 

0 
S 
S 
S 
B 
S 
S 
S 

B 
S 
S 
S 
0 
S 
S 
S 

B 
B 
S 
S 
S 
S 
B 
S 
S 
S 
S 

B 
B 
S 

B 
S 
S 

12 
8 

104 
8 

19 
17 
7 

34 
3 

14 
14 
12 

106 

5 
I 8  
I 7  
12 

80 
18 
15 
12 
Bs 
15 
15 
I1 

81 
16 
I 5  
12 
82 
18 
20 
13 

38 

2 
6 

13 
10 

105 
7 

13 
19 
12 

73 

5 

55 
2 

12 

18 
13 
34 
20 

144 
151 

8 
19 
20 
13 

34 
3 

14 
14 
12 

108 
48 

5 
18 
I 7  
12 

80 
18 
I 5  
12 
85 
15 
15 
11 

81 
16 
15 
12 
82 
18 
20 
13 

38 
55 
2 
6 

13 
10 

105 
7 

13 
19 
12 

73 
80 
5 

55 
2 

12 

0.87 
0.82 

0.84 
i.m 
i.m 1 
0.w 
0.51 

i.m 
1.m 

1.m 
i.m, 

1.m 
i.m 

. 1.00 
1.m 

1.m 
1.m 
1.m 
1.m 
1.m 
i.m 
1.m 
1.m 

1.00 
i.m 
too  
1.m 
1.m 
1.m 
1.m 
1.m 

1.00 

1.m 
ism 
i.m 
1 .m 
1.m 

i.m 
1.00 

1.00 

1.00 

1.00 

1.00 

1 .oo 

1.00 

ism 
1.m 
1.00 

5.m 10.10 7.00 
5.m 10.10 5.m 
5.00 

1.00 
i.m 60.40 1.90 

15.00 
13.80 

10.10 12.80 
5. m 10.10 8.80 

10.10 

4.010 
4.m 
4.003 
-0.004 
4.01s 
4.021 

4.001 
4.m 

0.000 

-1.380 
4.420 
4.580 
4.130 
- 2 . m  
0.OTZ 
0.440 
4.250 

4.878 
0.W 
4.140 
4.250 

0.270 
4.010 

.o.mi 

4.400 

-2.100 

4.123 

0.004 
4.m 
4.m 
4.001 
0.016 
4.001 
4.001 
0.000 
4.005 

-8In.000 

-29.100 

4.018 
0.480 
0.W 

44.90 
143.00 
870.00 

89.00 
480.00 
158.00 

184.00 

2o.m 

1sa.m 

i8 .m 

0.500 

0.018 
0.013 
0.118 
0.m 
0.117 

0.017 
OD28 
0.017 

5.000 
2.700 
1.400 
1.800 

13.000 
2.200 
1.800 
1.200 

41.820 
2.800 
4.300 
2.100 

38.000 
4.700 
4.300 
3.000 

0.800 
0.m 
0.m 
0.002 
0.009 

0.048 

0.005 
0.009 
0.W 

751 .wO 
147.000 
144.Joo 

1.800 
0.480 
0.W 

0.003 

0.007 

0.m3 

o.mi 

11.74 
16.46 

18.48-27 
32.74 
91.58 
48.48 
38.80 
8.18 

0.070 

0.004 
0.W3 
0.013 
0.004 

(-p.M34.019 
0.004 

0.W 
0.m 

0.887 
0.485 
0.782 
0.498 
1.513 
1.124 
1.178 
0.520 

4.687 
1.821 
1.955 
0.782 
4.562 
2.778 

0.821 

0.118 
0.0044.016' 

0.005 
O.Oo0 
0.002 

0.004 
0.000 
0.002 

0.005 

75.705 
(-)IS147 

o.mi 

o.ms 

2 . i n  

o.mi 

0.002 

47.ne 

0.359 
0.480 
0.418 

9.49 
37.80 

82.29 
59.59 
44.32 
47.49 
5.49 

0.129 
0.003 

0.005 
0.034 
0.008 

0.003 
0.005 

0.005 

1.123 
0.716 
0.473 
0.545 
2.m 
O.R7 
0.489 
0.445 

8.777 

1.025 
0.m 
5.520 
1.501 
1.108 
1.421 

0.204 

o.ms 

om7 

o m 1  

o.mi 

0.003 
o.mi 

o.m1 
0.002 
0.002 

0.002 

0.m 

O.MO 

208.217 

83.228 

0.385 

0.124 

, 

0.81 
2.05 

1.90 
0.a 
0.W 
1.23 
0.87 

1.63 
3.n 
1.1 
1.39 

1.B) 
2.8) 

o m  
1 .a, 

0.m 
1 .M 

1.63 
1.48 

1.10 
1 .o 
0 . a  
0.41 

0.m 

0.m 

1.45 
0.51 
0.52 
0.88 
1.21 
0.47 
0.51 
1.73 

1.78 

0.28 
.7.82 
1.30 

1.88 
2.85 

1.m 
1.81 

1.81 

0.m 

2.n 

1.74 

1.M 

0.30 



B W R  Banchmark SbaamVdues (bbton C W .  Cmb Canal, Fannu'* Mghllnm m a l  ( h d a .  1994)) 
BYLK = Benchmh Laka.IRamot Valuas (Cha(f*ld bamolr ,  C h m  Crrk ,  B u r  Crwk Lake., and Hmlnun Laka (Am&. 1994; EP& IHD u d  1994)) 
DISSOLVED-RADS URANIUM-233234 Pcn 201 S 12 12 100 
DISSOLVEDRADS URANIUM-233234 Pcn 202 S 10 10 I 0 0  
TOTALR4DS URANIUM-233R34 PCk BGCR E 79 7s I 0 0  
TOTALRADS URANIUM-233234 Pcm BMSK 6 56 
TOTALRADS URANIUM-233234 Pcn CREEK S 6 6 100 
TOTAL-rWDS URANIUM-233234 Pcn 200 S 12 12 100 
T O T A L W S  URANIUM-233234 Pcn 201 S 20 20 I 0 0  
T0TALRN)S URANIUM-ZJ3R34 Pck zoz S 13 13 100 

DISSOLWDRADS 
DISSOLWD-RADS 
DlSSOLVtiDRADS 
DISSOLMIDRADS 
DISSOL~D-RADS 
TOTALRPDS 
TOTAL-RADS 
TOTALRADS 
TOTALRAOS 
TOTAL-DS 
TOTAL.RADS 

DISSOLVEDRADS 
olssoLMiDRAos 
DISSOLVED-RADS 
DISSOLVED-RADS 
DISSOLVED-RADS 
DISSOLVEURADS 
TOTALWIS 
TOTALRAOS 
TOTALRAOS 
T O T A L W S  
T O T A L W S  
T O T A L W S  

URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 

URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIUM-235, 

URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-238 
URANIUM-236 
URANIUM-238 
U ~ l U M - 2 3 8  
URANIUM-238 
URANIUM-238, 
URANIUM-236 
URANIUM-238 
URANIUM-238 

U w I u M - n s  

EGCR 
CREEK 

200 
201 
202 

BGCR 
E M  
CREEK 
100 
201 
202 

BGCR 
0 W  
CREEK 

200 
201 
202 

EGCR 
B M  
CREEK 

200 
201 
202 

E 
S 
S 
S 
S 
E 

S 
S 
S 
S 

B 
8 
S 
S 
S 
S 
B 
B 
S 
S 
S 
S 

e 

56 
2 

12 
12 
10 
75 

6 
12 
20 
13 

55 
10 
2 

12 
12 
10 
55 

6 
12 
20 
12 

56 
2 

12 
12 
10 
75 
6 
6 

12 
20 
13 

55 

2 
12 
12 
10 
55 
5n 
6 

12 
20 
12 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 

1.00 

1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 

0.430 
0.170 
4.007 

0.076 
0.190 
0.078 
0.m 

0.018 
0.000 

4.081 
4.004 
4.198 
4.030 

0.000 
4.039 
4.021 
4.028 

0.000 

0.380 
4.048 
4.043 
4.255 
0.000 

4.022 
4.024 
4.022 
0.091 

1.100 0.741 
0.- 0.m 
3.213 0.488 
2.100 0.32-1.3 
1.273 0.893 
1 . m  0.809 
1.500 0.749 
0.820 0.388 

0.895 0.140 
0.310 0.1% 
0.s10 0.072 
0.710 0.U8 
0.W 0.010 
0.376 0.w9 
0.100 
o.im 0.081 
0.410 0.082 
0.270 0.070 
0.145 0." 

1.700 0.m 
2.000 0.wo 
0.410 0.395 
0.m 0.298 
0.130 0.408 
0.420 0.135 
1.820 0.364 
5.500 O.zb1.49 
0.870 0.524 
0.870 0.433 
1.100 0.616 
0.650 0.m 

0.227 0.31 
0.182 0.57. 
0.550 1.13 

0.532 0.n 
0.313 0.51 
0.551 0.47 
0.m 0.61 

0.203 1.U 
0.219 1.41 
0.188 2 9  
0.257 1 . n  
0.W 4.n 
0.075 1.5 

0.075 0.82 
0.125 1.9 
0.074 1.8 
0 . M  1.8) 

om0 . om 

0.021 0.06 
0.188 0.8) 
0.236 0.58 
0.193 1 .a 
0.432 . 1.18 

0.333 0.84 
0.- 0.57. 
0.292 0.47 
0.168 0.99 

*For bandma& data. mnga of mearn Ls pnsentsd, 
E = Backgmmd. 
BGCR Background Geochmkd Characterbslbn Rapotl(1993c). 
s = ou 3 (OnSlte). 
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, 



d B  b 
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49192 DMETAL ALUMINUM Upn 
I- 3 P 

f s r  

I a o m  24.1 46.0 13 2a.2 338 12.01s ~~KI.TII I ~ M S  22.8 1~950 2742.8 4 m . n  11240 
1 1 1.00 0 0.021 0.007 0- 0.023 4.01 0.1 0.01 0.01 Om 
7 1 1.00 0.00121 0.01 0 . 1 1  0.003 0.011 4.01 0.1 0.01 0.01 0.03 
2 8 0.25 13.0 36.0 18 11.3 89.8 22.013 21-6 TT.EI5 3 64.1 1134 11.1 1 0 9  

8 13.0 36.0 18 -0.OOO 3 M.1 17.34 11.1 39.54 
1 8 0.13 13.0 36.0 18 213 21d 12.150 T a l  21.212 3 3  I 8 1  18.18 1 2 M  44.W 

8 13.0 16.0 11 0.000 3.8 88.8 19.19 12.85 44.89 

1 8 0.13 1.0 3.0 1 s  i i 0.01s o m  im OA i s  1.63 1.w 531 
6 8 0.15 2.0 3.0 1 3  2 25 5.138 I.010 21.21I 0.4 15 1.a 1.84 5.31 
5 8 0.63 1.1 3.0 15 2.3 8.8 2994 2 . M  1)5J O S  I is 1.11 1.31 
5 I 0.63 2.0 3.0 ld  2.1 3.8 2321 1.071 4.668 0.35 5 1.95 1.71 5.37 

6 8 0.15 16.0 21.0 12 24.2 5s 2 8 . m  $ 5 ~ 1 0  5 9 ~  141s am 1 3 4  s s a  iw 
1 I 0.88 16.0 16.0 I 28.3 , 35 28.625 ISM 15.633 14.75 203 83.42 34.58 151.5 
8 8 ,  1.00 YJ IM ao.soo m m  IMSST 253 317 imru 4531 ima 
0 8 1.00 20.3 388 32913 I323 39luI 25.9 317 102.44 45.37 193.2 

8 om 0.11 4 1.01 0.83 2.67 
8 1.0 1.0 0.5 0- 0.15 4 1.01 0.83 2.87 

1.0 1.0 0.5 

4 8 0.50 1.0 1.0 01 1.1 1 1  0.813 OAT3 1dSS OA 4.8 1.01 0.81 2.81 
8 1.0 1.0 01 0- 0.4 4.8 1.07 0.87 2.81 
8 2.0 4.0 2 om os 11 1.n 1 3  4.25 
8 2.0 4.0 2 o m  0.5 8.6 1.73 1.28 4.25 

1 I 0.13 2.0 4.0 2 2# 2.8 1.66I O B 1  2 . W  0 3  11.1 1.64 l fo 4 s  

I 2.0 4.0 2 0.Wo 0.5 11.1 1.64 1.29 4.22 

6 8 1.00 MOM I8100 88312.SOO 4348.542 81009.!585 15150 1MOOO 55414.8 32584.1 1- 

I 8 1.00 )TWO0 4EMS 3142SO.000 lETE2.180 367TT4.3W 1SSa 186000 SSO30.2 31WR It301 
I I 1.00 82200 80100 88S15.WO S312.W 6SWO.STO 15050 1sbOaO 6 m . 2  31667.8 1E.05 

2 6 0.33 12.0 36.0 1D 18 41 18380 11.M 42.411 2 2541 202.2 21.89 773.6 
2 8 02.5 12.0 50.0 25 25 SO 1IJ38 14.216 40310 2 500 1 W 2  lM.19 553 

5 12.0 16.0 18 0.OoQ 2 500 154.42 198.79 552 
8 2.0 4.0 2 0- 1 23.2 464 3.8 1 2 M  
I 2.0 44 2 O m  1 23.2 4.84 3.8 12.44 

i I 0.13 3.0 4.0 2 2s 2.5 1.01s o m  2 m  1 31.85 1.01 8.88 20.37 
8 3.0 6.0 I 0.000 1 20 6.8 8.61 24.M 
8 3.0 6.0 I 0.OW 1 29 8.8 9.04 24.88 

4 D 050 3.0 6.0 I 5.3 16.8 6400 5.665 11.130 1 3 0 1  1.64 D.67 26.98 
8 3.0 6.0 I Om 1 39.4 7.64 9.87 18.90 

2 I 0.25 2.0 4.0 2 I 3.8 tau) 1.013 3 . m  os 20.8 5.01 4 u  1i.m 

8 8 1 . 1  4.0 30.1 1 6 3 ~ 0  1 3 . ~ ~ 6  43901 i ios 10.67 1211 35.0s 
2 8 0.25 2.0 4.0 2 4 1  4.8 2.038 1.6.54 5.348 1 105 10.87 12.21 35.09 

8 8 1.1 4M 115 617.625 18148 114.122 1 1106.5 58.28 113.44 283.1 

I 8 1.00 267000 4 ~ 1 5  ~im75.000 ~ ~ S S T . ~ M  SEESWET i s i a  104000 5 ~ 1 4 . ~  3 e . i  ims 

2 s OM 12.0 36.0 10 26 18 20500 12.131 u.169 2 ~ 5 0 0  202.2 211.69 i n . 6  

5 8 0.63 4.0 5 1  2.6 3.1 20 11.038 1 l .k  33.134 1 31.6.3 1.01 8.68 20.37 

i D 0.11 2.0 4.0 I 2.1 2.1 IMJ . 0.674 i.010 0.5 20.0 5.01 4.42 iim 

6 1 0.86 3.2 3.2 1.6 50.8 464 262.011 1709M 6PBW , 1 1106.5 5 6 3  113.44 263.1 
~ ~ ~~~~~ 

49292 DMETAL ALUMINUM Upn 
49192 .TMETAL ALUMINUM Upn 
49292 TMETAL ALUMINUM Upn 
49192 T W S  AMERICIUW241 D W  

ii iim tm 2m.m 1m.m d loo0 
0 0.1 0.0l 0.02 0.05 
0 0.1 . 0.01 0.02 0.03 
4 35.85 15.5 9.17 33.64 
4 S5.6.3 153 D.11 3364 

3.5 41.3 15.6 10.4 36.42 
3d 413 15.02 101) I 6 4  
0.4 8.2 2.41 1.7 5.81 e1 JO 60(6*) 
0 4  6 1  2A1 1.1 5.81 -1 30 W(6r) 

0.35 7 2.73 2.02 8.8 4 30 
0.35 I 2.n am 8.8 4 30 

34.8 1u.s 84.16 21.79 in.78 i o  500 im(w 
81.5 303 113.05 51.97 zii.89 i o  so0 
34.8 l32d 841I 2 l . n  127.18 10 500 lOao(d*) 

6 l d  301 11S.81 5191 211.88 10 600 
0.3 2.5 0.9 0.73 2.38 <lo 10 
0.3 2.a 0.8 0.n 2s e10 10 
0.3 2.5 0 . 0  0.14 2.34 4 0  10 
0.3 2.5 0.W 0.14 2-94 e10 10 
0.5 7.5 1.78 1 . a  4.42 e1 1 
03 T A  1.n is 411 e1 1 
0.5 3.5 1.45 0.75 2.95 4 1 
0 3  Id IU 0.75 295 4 1 

8lSO 19400 WDSI 2SU.8  I lU1.4 QOOOOO 500000 

10800 91900 3- 231231.5 84144.94 6500000 5oOO00 
10800 8lWO 36382 2JE8ld Ml44.M bMa)o 5- 

8180 79400 u4u5.a 23552.1) 8 1 ~ 1 . 4  an000 so0000 

2 500 160.08 179.~4 520.78 
2 500 1W.80 110.84 520.18 
2 500 131.50 175.18 461.91 
2 5W 13ldB 115.11 401.81 
1 15.5 3.97 3.15 10.27 e1 6 
1 153 3.81 3.15 103T e1 5 
1 21.4 5.25 4.61 14.47 e1 5 
i 214 52s 4.61 i*11 e1 6 
1 25 5.18 7.88 20.92 e10 10 
1 25 5.16 7 m  2 0 9 1  e10 10 
1 25 6.55 8.18 21.91 el0 10 
1 25 S.!M I.18 21.81 4 0  . 10 

0.5 12.5 1.17 3.m 1i.m e1 30 1 w - 4  

os 12s 4.11 sm im e1 30 iw-4 

1 . 5 ~ - p l S n . 6 7  35.32 104.31 i o  ~o000  3 0 0 ( r ~ )  

1 125 . 1i.m 21.6  5s.m e1 30 
1 125 1199 21.82 55.63 e l  30 

I 1 1  181 33.67 IS= 10431 10 loMa Sm(re) 

49292 TRADS AMERICIUHZ41 pcin 
49192 DMETAL ,wnMow Upn 
49292 DMETAL ,wnt.mw Upn 
49192 TMETAL wnmw Upn 
49292 TMETAL ,wnww Ufl 

49192 DMETAL ARSENIC * 
49292 DMETAL ARSENIC UOn 
49192 TMETAL ARSENIC uon 
49192 DMETAL BARIUM uon 
49292 DMETAL BARIUM uon 
49192 TMETAL BARIUM uen 

49292 TMETAL ARSENIC Upn 

49292 TMETAL BARIUM * 
49192 DMETAL BERnLlUM Upn 
49292 DMETAL BERnLlUM . Upn 
49192 TMETAL BERYLLIUM Upn 
49292 TMETAL BERYLLIUM Upn 
49192 DMETAL CADMlUM Upn 
49292 DMETAL CADMUM Upn 
49192 TMETAL CADMIUM uon 
49292 TMETAL CADMUM uon 
49192 DMETAL CALCIUM uen 
49292 DMETAL CALCIUM uen 
49192 TMETAL CALCIUM Upn 
49292 TMETAL CALCIUM U& 

49192 DMETAL CESIUM U C  

49292 DMETAL CESIUM Upn 
49192 TMETAL CESIUM Upn 

49192 DMETAL CHROMIUM U C  

49292 DMETAL CHROMIUM w 
49192 TMETAL CHROMIUM U f l  

49292 TMETAL CESIUM U# 

49292 THETAL CHROMIUM Ufl 

49192 DMETAL COBALT U C  

49292 DMETAL COBALT Upn 
49192 TMETAL COBALT Upn 
49292 TMETAL COBALT U* 

49192 DMETAL COPPER Upn 
49292 DMETAL COPPER Upn 
49192 TMETAL COPPER Upn 
49292 TMETAL COPPER Upn 
49192 DMETAL IRON Upn 
49292 DMETAL IRON uen 



15 4 s  
4 s  15 
1 150 2sm(q) 
1 150 2500(*) 

4Maoo 4 m  
400000 400000 
4Maoo 400000 

4 1wO 50(rc) 
4 1000 50(rc) 
4 lom 
4 lom 

4 30 W.O) 
-1 30 
4 30 
4 30 
e10 so 200(q) 
4 0  50 200(.0) 
4 0  so 
4 0  60 

lom lam 
low lam 
low lam 
low lam 

4 10 1O(W 
4 10 lO(W 
4 10 
e1 10 

moo lam0 
moo lam0 
so00 lam0 
moo 100000 

Q 5 5o(w 
6 5 W ( W  

1 6  5 



T.bb M 
Conprhon (0 B.nc)MIL D.boroundrmr 

49292 DRADS URANIUW235 4.025 0.18 0.083 0.071 82l3 4.04 4.8 0.2 0.64 1.48 
49192 TRADS URANIUW235 0.12 01 0.160 om om 4.01 em o m  ~ J I  3 s  

(a) Boy(saeld. 
(b) L m y  Land611 ba- dab. 
M o b :  
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Table 0-5 
RFP OU 3 Trench Data Summary Statistics 

RFP OU 3 Trench Data Summary Statistics 

Nondetect Nondetect Rate Normal P- Lognor P 
Parameter Units Area N Rate Comb. Mean Std. Dev. Minimum Maximum Median Value Value 

Americium-241 
Americium-241 
Plutonium-239, -240 
Plutonium-239, -240 
Uranium-233, -234 
Uranium-233, -234 
Uranium-235 
Uranium-235 
Uranium-238 
Uranium-238 

B 
S 
B 
S 
B 
S 
B 
S 
B 
S 

16 0.0625 
41 0 
20 0 
81 0 
15 0 
75 0 
15 0.066667 
75 0 
15 0 
75 0 

0.017544 
0.017544 

0 
0 
0 
0 

0.01 111 1 
0.01 11 11 

0 
0 

0.01884 0.01 080 
0.03092 0.05352 
0.05355 0.02051 
0.1 1824 ' 0.26739 
1.15361 0.15327 
1.00945 0.36642 
0.04772 0.03509 
0.05124 0.05217 
1.19193 0.19308 
0.99294 0.35683 

-0.00300 
-0.00177 
0.02600 

-0.00574 
0.921 90 
0.26400 
0.01 062 
-0.00761 
0.89890 
0.30500 

0.04046 
0.2723 

0.1 
1.593 
1.472 
2.015 

0.1 393 
0.3551 
1 521 
2.147 

0.01 95 
0.00774 
0.04874 
0.0139 

1.2 
0.92 
0.04 

0.03788 
1.2 

0.957 

0.88203 
0 

0.14829 
0 

0.36733 
0.51 836 
0.05449 

0 
0.77575 
0.34776 

0.8858 
0 

0.15815 
0 

0.3747 
0.74854 
0.06428 

0 
0.76366 
0.83153 

Summary Statistics for OU 3 Trench and Sutface-Soil Data 

Americium941 pCi/g B 16 0.0625 0.046667 0.01884 0.0108 -0.003 0.04046 0.0195 0.88203 0.8858 

Plutonium-239, -240 pCVg 8 20 0 0 0.05355 0.02051 0.026 0.1 0.04874 0.14829 0.15815 

Uranium-233, -234 pCi/g B 15 0 0 1.15361 0.15327 0.9219 1.472 1.2 0.36733 0.3747 
0.264 2.1395 0.955 0.07916 0.6789 Uranium-233, -234 pCi/g S 135 0 0 1.01127 0.32098 

Americium-241 pcvg s 134 0.044776 0.046667 0.06257 0.08454 -0.002 0.52 0.02655 0 0 

Plutonium-239, -240 pCVg S 190 0 0 0.35653 0.7007 -0.00574 6.468 0.06229 0 0 

Uranium-235 pCVg B 15 0.06667 0.026667 0.04772 0.03509 0.01062 0.1393 0.04 0.05449 0.06428 
U ranium-235 pcvg s 135 0.022222 0.026667 0.05026 0.0416 -0.00761 0.3551 0.0435 0 0 
U ranium-238 pCVg B 15 0 0 1.19193 0.19308 0.8989 1.521 1.2 0.77575 0.76366 
Uranium-238 pcvg S 135 0 0 1.01311 0.31345 0.305 2.147 1.001 0.01188 0.45155 



Table D-6 
RFP OU 3 Trench Data Summary Statistics 

Normal Lognormal 
No. of No. of Detect. Minimum Maximum Minimum Maximum Arithmetic Geometric Standard 95% UCL 95% UCL 

Test Group TID Chemical Name Units Detects Samples Frequency Nondeted Nondetect Detected Detected Mean Mean Deviation (1) (2)' 

Radionuclide T Americium-241 pCig 57.000 57.000 1.OOO 

Radionuclide T Plutonium-239, -240 pCVg 61 .000 61 .OOO 1 .OOO 
Radionuclide T Uranium-233, -234 pCVg 60.000 60.000 1.OOO 
Radionuclide T Uranium-235 pCdg - 60.000 60.000 1.OOO 
Radionuclide T Uranium-238 pCig 60.000 60.000 1.OOO 

Radionuclide T Plutonium-238 pCVg 4.000 4.000 1.OOO 
-0.002 0.520 0.035 0.017 0.072 0.051 0.090' 
0.001 0.004 0.002 0.002 0.001 0.004 0.022 
0.008 2.950 0.158 0.570 0.400 0245 0.188 
0.530 2.140 1.104 0.986 0256 1.070 1.067 
0.013 0.124 0.049 0.044 0.023 0.054 0.055 
0.670 2.132 1.038 1.013 0250 1.093 1.090 

Concentratiodactiiity values should be considered significant to only two placeds. 
RFVRI surface-soil results are the averages of the results for samples collected by the CDH and the RFP (MHM) methods. 
TID = Total (unfiltered)/Dissolved (filtered). 
(1) Normal 95% UCL is the 95% Upper Confidence Limit under the assumption that the distribution is Normal. Uses 1-Statistics. 
(2) Lognormal 95% UCL is the 95% Upper Confidence Limit under the assumption that the distribution is lognormal. Uses hstatistics. 
'An asterisk in this column indicates that the Lognormal 95% UCL was computed on a data set containing nonpositive values. Slnce the natural log of each 
values is required for the calculation, a value of O.oooO1 was substituted (for this calculation only). The actual meaning of this result is questionable. 



Table D-7 
RFP OU 3 Trench Data Summary Statistics 

Normal Lognonna 
No. of No. of Detect Minimum Maximum Minimum Maximum Arithmetlc Geometric Standard 95% 95% UCL 

Test Group T/D Chemical Name Units Detects Samples Frequency Nondetect Nondetect Detected Detected Mean Mean Deviation UCL (1) (2)' 

Radionuclide T Plutonium-238 pciig 04 04 1 .Ooo 0.001 0.004 0.002 0.002 0.001 0.004 0.022 
Radionuclide T Americium-241 pciig 57 57 1 .Ooo -0.002 0.520 0.035 0.01 7 0.072 0.051 .090' 

Radionuclide T Plutonium-239, -240 pCig 61 61 1 .Ooo 0.008 2.950 0.158 0.570 0.400 0.245 0.188 
Radionuclide T Uranium-233, -234 pcidg 60 60 1 .Ooo 0.530 2.140 1.101 0.986 0.256 1.070 1.067 
Radionuclide T Uranium-235 pciig 60 60 1 .Ooo 0.013 0.124 0.049 0.044 0.023 0.054 0.055 
Radionuclide T Uranium-238 pciig 60 60 1 .Ooo 0.670 2.132 1.038 1.013 0.250 1.093 1.090 

Notes: 

Concentrationlactiiity values should be considered significant to only two places. 
RFVRI surface-soil results are the averages of the results for samples collected by the CDH and the RFP (MHM) methods. 
T/D = Total (unfilteredyDissolved (filtered). 
(1) Normal 95% UCL is the 95% Upper Confidence Limit under the assumption that the distribution is Normal. Uses 1-Statistics. 
(2) Lognormal 95% UCL is the 95% Upper Confidence Limit under the assumption that the distribution is lognormal. Uses h-Statistics. 
'An asterisk in this column indicates that the Lognormal 95% UCL was computed on a data set containing nonpositive values. Slnce the natural log of each 
values is required for the calculation, a value of O.oooO1 was substituted (for this calculation only). The actual meaning of this result is questionable. 
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Rocky Flats Environmental Technology Site 
Draft R F m I  Overable Unit 3 

. 

Appendix E contains the summary of the OU 3 analytical results. The OU 3 database is provided on 
diskette. The files are in DBase IV and ASCII and contain analytical data for all media sampled (surface 
soil, trench soil, surface sediment, subsurface sediment, surface water, groundwater, and biota). 
Table E-1 lists the field names and a description of the information contained in each field for the Data 
Analysis Table. This table does not include any rejected data (Le., records coded as "rejected" by the 
independent data validators) or quality control sample data The memorandum included in this appendix 
provides addtional information on how the data are grouped in the database, which was given to the EPA 
and CDPHE. 

The preparation of the OU 3 database is described in Appendix F including procedures for extracting OU 
3 data from the Rocky Flats Environmental Database System (RFEDS), cleanup of RFEDS data, and data 
evaluation protocols used to develop the Data Analysis Table. 

Table E-1 OU 3 Database Field Name Definitions 

E- 1 
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Table E-1 
OU 3 Database Field Name Definitions 

Field Name 

Main Test Group Code 

General Test Group Code 

Chemical Name 

Analysis Date 

New Result 

Adj Result 

New Unit 

New Error 

New Detect Limit 

New Qualifier 

Lab Disposition 

Validation 

Reason 1, Reason 2, Reason 3, Reason 4 

Depth From 

Depth To 

Depth Unit 

Detect 

. .  - 

. -  

Definition 

Chemical group code created by CH2M Hill; one code per analytical method. 

General test that was performed on the sample; code created by CHPM Hill. 

Analyte name. 

Date chemical analysis was performed. 

Analytical result; validated result if available. 

Adjusted result = One-half of the RESULT FIELD value (for nondeteds only). 

Unit associated with the result value. 

Error term associated with radionuclide results. 

Detection Limit 
(Detection limit = Instrument detection limit for OU 3 metals data 
Detection limit = Instrument detection limit or CRDLfor BGCR metals data.) 

Includes the qualifiers assigned by the laboratories and the data validators. 

If analytical results could not be transmitted, a reason disposition code is indicated. 

Validation codes assigned by the data validators. If the field is blank, the record has 
-- not been validated. 

Explanation for validation codes. 

Upper boundary of a sediment core segment. 

Lower boundary of a sediment core segment. 

Unit for sediment core segments. 

The deted field marks records that contain a 'u" m the NEW QUALIFIER field as a 
nondetect. 

Example: 

NEW QUALIFIER DETECT 

UJ - U 
J -w BLANK 
uu - u 

-BLANK 
B -BLANK 
UJ - U 

E-2 
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Field Name 

Adj Detect 

Method 

Setlock Flag 

IHSS 

DGTYPE 

DGGRABCORE 

DGSOIL 

Area 

Table E-1 (continued) 

Definition 

Adjusted detect: Reflects application of EGLG data analysis protocols. All 
radionuclides are designated as detects (Le., ADJ DETECTfield is BLANK); all 
Bqualified metals and water-quality records are designated as detects. All other 
records with a "U" in the DETECT field are designated as nondetects (i.e., ADJ 
DETECT field contains a "U"). 

Method used to collect a surface soil sample (CDH or MHM). 

Flags a record as belonging to the SETLOCK data set (Le., 1984 sediment data). 

Individual Hazardous Substance Site number 

Data grouping designation (e.g. CREEK, LAKE, PLOT, TRENCH). 

Data grouping designation for sediment samples indicating if GRAB or CORE sample. 

Data grouping designation for surfacesoil samples indicating if sample was located in 
the Remedy Lands area. 

Denotes if the record is background (B) or OU 3 site (S) data. 

E-3 
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Attached are 3 diskettes containing the database for Operable Unit 3 (OU 3), Rocky Flats 
Environmental Technology Site. The following 61- are included on the diskettes: 

NB061094.db: Background data &om the Background Geochemical Characterization Report 

DB09194.db: Field sampling data from RNRI sampling conducted by CH2M HlLt 

JSO12694.db: Jefferson County Remedy Acreage soil data 

01041594.db: Rock Creek background soil data 
@ 

DA091994.db: Data analysis table used for.summary statistics and data d y s i s  tasks for the 
RFYRI report incIuding the Human Heaith Risk Assessment and Ecological Evaluation (this 
table contains records fi-om the four tables listed above; records were selected for inclusion in 
this table based on protocols described in Appendix A of Technical Memorandum No. 4, 
Human Health Risk Assessment, Chemicals of Concern Idenacation, Operable Unit 3) 

Each file is provided for your use in two different formats: dBase IV (FoxPro compatible) 
and ASCII (quote-delimited, comma-separated). 

The first four files listed above have mo fields that can be used to link them to the Data 
Analysis table (DAO91994.db): 1) CURRENT SEQ which is a sequence number for each 
record in the table and 2) DA TABLE SEQ that indicates the corresponding sequence number 
for the record in the Data Analysis table; a “0” in this field indicates the record was not used in 
the Data Analysis table. 

The Data Analysis table has three fields that can be used to link to the source tables: 1) 
CURRENT SEQ which is a sequence number for each record in the Data Analysis table, 2) 
SOURCE TABLE which indicates which of the four tables the record came from, and 3) 
SOURCE SEQ which indicates the sequence number of the record in the source table. 0 
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Rocky Flats Environmental Technology Site 
Draft RFmI Operable Unit 3 

F1.0 INTRODUCTION 

The OU 3 database was developed to store and organize the data from environmental sampling programs 
at Rocky Flats and the surrounding area that were used to prepare the RFI/RI, including the Human 
Health Risk Assessment and the Ecological Risk Assessment, for OU 3. The OU 3 database is composed 
of data from the following sources: 

Rocky Flats Environmental Database System (RFEDS) 
The 1983/84 Sediment Sampling Investigations data (DOE, 1991) 
Rock Creek Background Soil Samples (DOE, 1993a) 
Jefferson County Sampling Area Soil Samples (received from RFEDS) 
Background Geochemical Characterization Report (DOE, 1993b) 
Benchmark-Survey Data for Sample Points and Polygons 

These sources provided the data sets in various formats; therefore, different procedures were used, 
depending on the data source, to prepare the data for use in the OU 3 database. This appendix describes 
the procedures followed for each data set. 

The OU 3 database is managed according to the Data Management Plan (DOE, 1993c) developed for the 
RFI/RI of OU 3. The Data Management Plan describes in detail the data management system for the 
project, and includes procedures for data management staff, computer hardware and software, data 
models and organization, data management, and data users. 

The remainder of Appendix F describes the overall structure of the OU 3 database, data preparation steps, 
and quality control (QC) checks that were performed to generate the tables for the OU 3 database. 
-Appendix F is organized into the following sections: 

OU 3 Database Structure 
RFEDS Data Preparation 
Additional Data Input 
Data Analysis nb le  
Quality Control Checks 

F2.0 OU 3 DATABASE STRUCTURE 

The database management system uses a re1,ational data model, where the data accessed by users are 
contained in a number of separate tables, but are related through one or more key fields. nbles  were 
created for data sets from each of the sources listed above. Additionally, a Data Evaluation table was 
created to statistically compare OU 3 data and background data and to calculate summary statistics and 
risk estimates. The Data Evaluation table contains fields that reflect the application of data-evaluation 
protocols specified by EG&G (EG&G, 1994). 

The OU 3 database was designed as a set of independent Paradox (DOS Version 4.0 RDMS) tables 
containing fields of data. These tables can be linked through key fields (Le., selected fields that are 
common to two or more tables). Figure F-1 presents an organization diagram of the OU 3 database. 
Table F-1 summarizes the OU 3 database structure and describes the contents of each Paradox table. 
Figure F-2 lists the fields contained in each table and shows relationships between the tables. Table F-2 
contains definitions of the various fields. 

F- 1 
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In addition to the Paradox tables, OU 3 data are contained in ARc/INFO files to be used for producing 
Geographical Information System (GIS) plots of analytical results and sample locations. Analytical 
result and sample location data were transferred to ARC/INFO using ASCII comma-separated files. 

F3.0 RFEDS DATA PREPARATION 

Rocky Mountain Remediation Services (RMRS) maintains the RFEDS. The majority of data records in 
the OU 3 database were extracted by EG&G from RFEDS as ASCII text fnced-field files. EG&G began 
with an initial extraction of data from RFEDS on December 17,1992, and throughout the duration of the 
project added periodic RFEDS extractions containing updated and additional records. The final 
extraction of RFEDS data for the Draft RFI/Rl report was on February 15,1994. All extractions, 
including those prior to February 15,1994 @e., December 17,1992; January 20,1993; February 10, 
1993; March 17, 1993; Figure F-1 April 1,1993; May 5,1993; June 10,1993; September 16,1993; 
November 16,1993) were imported from the text files into Paradox on February 16,1994 to create the 
OU 3 database for the Draft RFI/RI report. The steps necessary to import and prepare RFEDS data for the 
OU 3 database are described in detail below. 

1. Convert RFEDS data-extraction files to ASCII separateddelimited format. 

2. Import the extraction into Paradox. 

I 

3. Correct database inconsistencies, and separate data that will not be used in quantitative data-analysis 
tasks. 

4. Identify and resolve redundant data records. 

- 5. Assemble’the main cleaned-up table (without resolved problem records). 

6. Produce potential problem records report. 

7. Review potential problem records report, and select records to be added back to the main table. 
. -  

8. Add selected record(s) from the review process back to the main table. 

9. Copy main table to OU 3 database directory for Rocky Flats. 

10. Notify persons using the OU 3 database of updated main table. 

Note: In the description of preparation steps below, names of database fields are shown in a l l  uppercase 
bold letters (e.g., CHEMICAL NAME, MAIN TEST GROUP CODE, and NEW RESULT). 

STEP 1 - Convert RFEDS data-extraction files to ASCII separateddelimited format. 
_ -  
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Table F-1 
OU 3 Database Structure 

DA(date).db Data for the statistical background comparison tests and other data analysis tasks. Contain! 
original sample data from tables DT012694, JT012694, NE012694 (excluding outliers as 
identified in the BGCR), and OT012694. Surfacesoil sampling resub (CDPHE and MHM 
methods) are averaged for each location. Contains fields that refled EGBG data analysis 
protocols for nondetects. Rejected data (Validation = R) and QC data are not included. 

DG(date).db Sample locations (OU 3 and background) and data-grouping information. 

DB(date).db Original and QC data from RFEDS. 

DT(date).db 

DQ(date).db 

Original data only from RFEDS. 

QC data onty from RFEDS. 

JS(date).db 

JT(date).db 

JQ(date).db 

Jefferson County Sampling Area surface-soil data (original and QC data). 

Jefferson County Sampling Area surface-soil data (original data only). 

Jefferson County Sampling Area surfacesoil data (QC data onty). 

NB(date).db BGCR data for selected sample locations (nonseep sediment and surface-water locations; 
weathered claystone monitoring well locationsoriginal data only). Outliers, as identified in 
the BGCR, are included. 

.-  Ol(date).db Rock Creek Background Soil data from OU 1 RI Report (original and QC data). 

OT(date).db Rock Creek Background Soil data from OU 1 RI Report (original data only). 

OO( date) .db 

ST(date).db 

Rock Creek Background Soil data from OU 1 RI Report (QC data only). 

Sample tracking information. 

FW( date) .db 

CL(date).db 

Field-water quality data associated with BIO samples. 

Matrix of collocated samples (e.g., colbcated BIO, SW, and SED samples). 

Note: 

(date) = Each Paradox table filename includes the date on which the table was created andlor modified. Therefore, the most 
current tables were clearly identified and used for data manipulations. For example, Paradox file DA081094.db was 
modified onAugust 10,1994. 

,F-3 - 
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€ifWhQ 

RA.wQ 
LOCATION CODE 

SAMPLE TYPE 

SAMPLE QC CODE 

SAMPLE NUMBER 

SAMPLE DATE 

DRY 

RESULT TYPE 

R E D S  TEST GROUP CODE 

MAIN TEST GROUP CODE 

GENERAL TEST GROUP CODE 

CHEMICAL NAME 

ANALYSIS DATE 

NEW RESULT 

ADJ RESULT 

NEW UNIT 

NEW ERROR 

NEW DETECT LIMIT 

NEW QUALIFIER 

LAB DISPOSITION 
. -  

VALIDATION 

OU 3 Database Field Name Definitions 

Definition 

Indicates environmental mediumlphysical location; can be more than one LOCATION 
CODE at the same physical location. 
Example: 
B l l  00092 <- Biology Location 
SD100092 c- Sediment Location 
SWlOOO92 c- Surface Water Location are a! at the same physical W o n .  

Designates environmental sample medium. 

Codes a record as a REAL (i.e., original sample) or QC sample (e.g., DUP, FB). 

Unique code designating a single sample taken at a LOCATION CODE position; can 
be more than one sample number for a LOCATION CODE. 

Date sample was collected. 

Denotes if sediment sample was dry at the time of collection. 

Codes a record as an original sample result (Le., TRG =target) or a lab QC record 
(as., REP). 

General chemical group code supplied by REDS; can be more than one RFEDS 
TEST GROUP CODE for an analytical method. 

Chemical group code; one code per analytical method. 

General test that was performed on the sample. 

Analyte name. 

Date chemical analysis was performed. 

Analytical result; validated result if available. 

.. 

Adjusted resull= Onehalf of the RESULT FIELD value (for nondeteds only). 

Unit associated with the result value. 

Error term associated with radionuclide results. 

Detection libnit 
(Detection limit = Instrument detection limit for OU 3 metals data 
Detection libnit = Instrument detection limit or CRDLfor BGCR metals data) 

lndudes the qualifiers assigned by the laboratories and the data validators. 

If analytical results could not be transmitted, a reason disposition code is indicated. 

Vddation codes assigned by the data validators. If the field is blank, the record has 
not been validated. 

REASON1, REASON2, REASON3, REASON4 Explanation for validation codes. 

- 

, 
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Table F-2 (continued) 

DEPTH FROM 

DEPTH TO 

Upper boundary of a sediment core or p l  trench segment. 

Lower boundary of a sediment core or p l  trench segment. 

DEPTH UNIT Unl for sediment core or p l  trench segments. 

DETECT 

ADJ DETECT 

c 

The detect field marks records that contain a 'U' in the NEW QUALIFIER field as a 
nondetect. 

Example: 

NEW QUALIFIER Detect 

UJ 1111) U 
J ,--BLANK 
uu - u 

-BLANK 
B -BLANK 
UJ - U 

Adjusted detect: Reflects application of EGLG data analysis protocols. AU 
radionuclides are designated as detects (i.e., ADJ DETECT field is BLANK); all B- 
qualified metals and water quality records are designated as detects. All other records 
with a "U" in the DETECT field are designated as nondetects (i.e., ADJ DETECT field 
contains a "U"). 

METHOD Method used to collect a surface-sol sample (CDH or MHM). 

84105 SED R A G  Flags a record as belonging to the 19WG Sediment Sampling Investigations data set 

IHSS Individual Hazardous Substance Site number. 

DGTYPE Data grouping designation (e.g., CREEK, LAKE, PLOT, TRENCH). 

DG GRAB CORE Data grouping designation for sediment samples indicating if GRAB or CORE sample. 

DGSOIL Data grouping designation for surface-soil samples indicating if sample was located m 
the Remedy Lands area. 

AREA Denotes if the record is background (B) or OU 3 site (S) data. 

CL TABLE ENTRY Indicates if additional information for the record is available in the collocated sample 
table. 

DG NEAR SHORE Data grouping designation for sediment samples. 

DG CREEK NEAR SHORE Data grouping designation for sediment samples. 
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€iddMm 

DG MlSC 

DG EXPO COV 

.GIs ID 

GIS SAMPLE LOCATION 

LOCATION GROUP 

Table F-2 (continued) 

Definition 

MisceOaneous da!a grouping designation-empty field. 

Data grouping designation for sedment sample lomtions-exposed vs. covered with 
water. 

I.D. code from ARC/INFO GIs data files. 

GIs map location. 

General geographic location group. 

DESCRIPTION Description of sample location based on medium ani. jeographic location. 

'Ihe RFEDS data extraction format is ASCII column-delimited (Le., text files that consist of fields that 
are of a fmed length). Because Paradox cannot import column-delimited ASCII files, the column- 
delimited RFEDS data files are converted to ASCII sepmteddelimited @AT) files using a general- 
purpose conversion program written in PASCAL. ASCII separatWdelimited files are text files that 
consist of fields separated by a special character, usually a comma Additionally, the alpha fields are 
delimited with a special character (Le., quotation marks for these data). Alpha fields are delimited with a 
special delimiter character for fields that require the special separator character as part of the alpha string 
(e.g., chemical names that contain commas). 

STEP 2 - Import the extraction into Paradox. 

Using a custom script called IMPORTEX.SC, the DAT fdes are imported into Paradox. The imported 
data from the initial RFEDS extraction are put into a temporary table. The temporary table is then 
restructured to match the structure of the main raw data table, and the SEQUENCE ID field is used to 
link the temporary and main raw data tables. The temporary table records are then added to the main 
raw database table. The process is repeated for each extraction. Records from the source table (i.e., 
temporary table with RFEDS data) replace records in the destination table (Le., main raw data table) if 
the SEQUENCE ID in the source table record already exists in the destination table. If the records from 
the source table are not in the destination table, then the records from the source table are added to the 
destination table. 

STEP 3 - Correct database inconsistencies and separate data that will not be used in quantitative data- 
analysis tasks. 

Using a script named XCLEANUP.SC, the data are preprocessed to correct-any inconsistencies found in 
the RFEDS data, such as the following: 

CHEMICAL NAME inconsistencies 

Unit inconsistencies 

RFEDS TEST GROUP CODE name inconsistencies 
Obsolete WEDS TEST GROUP CODE names 
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~ 

Multiple fields of analytical data for one record (i.e., data received from RFEDS contain fields for 
laboratory results and comected results from the data-validation subcontractor; some records contain 
both laboratory and corrected results). 0 

Additionally, the preprocessing step accomplishes the following: 

Separation of historical data (i.e., pre-1992 data that tend to have QC problems) from OU 3 sampling 
program data; historical data will be used qualitatively in the RFI/RI report. 

e 

Separation of QC data from original sample data; QC data will be used in the RFI/RI report to 
evaluate quality of the data; only original data will be used for all other quantitative data-analysis 
tasks. 

XCLEANUPX performs the following operations: 

Removal of data for any samples not associated with the OU 3 field investigation. 

Separation of Historical Data 

Historical data are identified by the following Location Codes: 

swOO1 through swoo4 
SEDOOl through SED004 
GSOOl through GS004 

These data are removed from the main raw-data table and placed into a separate table for 
use in the RFI/RI report. 

Separation of QC Data 

QC data are identified using the SAMPLE QC CODE field: 

Any samples with codes in the SAMPLE QC CODE field other than REAL, 
BLANK, or UNK (i.e., unknown) are considered to be QC samples. 

QC data are also identified using the RESULT TYPE field: 

Any samples with codes in the RESULT TYPE field other than TRG, DIL, 
BLANK, or UNK are considered to be QC samples. 

Data identified as QC samples are removed from the main raw data table and placed into 
a temporary table for further processing. 

E 7  
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Separation of Non-OU 3 Field Investigation Data: 

The OU 3 field investigation data are identified by the following suffixes in entries in the 
SAMPLE NUMBER field: 

8 CH 
8 WCU3 or WC 

Records with suffixes in the SAMPLE NUMBER field other than those listed above are 
not included in the OU 3 database. 

Inconsistencies in Analyte Names 

Inconsistencies in analyte names (i.e., multiple names for the same chemical) found in 
the RFEDS data are corrected so that each chemical is listed by only one name in the 
OU 3 database as shown in 'Eible F-3. 

Obsolete RFEDS TEST GROUP CODES 

Obsolete codes in the RFEDS TEST GROUP CODE field consist of the following: 

8 PDMETCLP 
8 PDMETNOCLP 

Any records with the codes listed above in the RFEDS TEST GROUP CODE field are 
removed from the main raw data table. RFEDS replaces these codes with new codes. 
Therefore, if records with test group codes of PDMETCLP and PDMETNOCLP remain 
in the table, they represent duplicate records. 

Unit Inconsistencies 

Any inconsistencies in units for a particular medium and test group code are converted to 
the appropriate consistent units (e.g., all results for dissolved metals analyses are 
expressed in units of ma). This step is performed so that data for one chemical can be 
combined for quantitative data-analysis tasks such as calculation of summary statistics. 
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Table F-3 
Chemical Name Inconsistencies 

GROSS ALPHA - DISSOLVED 
GROSS ALPHA - SUSPENDED 
GROSS ALPHA PARTICLE ACTIVITY 

GROSS BETA - DISSOLVED 
GROSS BETA - SUSPENDED 
GROSS BETA PARTICLE ACTIVITY 

PLUTONIUM 239 
PLUTONIUM 2391240 

URANIUM 233,234 
URANIUM 234 

CYANIDE 
CYANIDE, AMENABLE 
CYANIDES ( SOLUBLE SALTS ... ) 
HEXAVALENT CHROMIUM 
CHROMIUM VI 

NITRATONITRITE 
NITRATONITRITE ( HISTORIC AL... ) 

ORTHOPHOSPHATE 
PARATHION, ETHYL ( INCORRECT CAS NUMBER 

VERIFIED BY BETH MONTANO/EGLG ) 
CAUSED THIS TO BE LABELED INCORRECTLY - 

SOLIDS, NONVOLATILE SUSPENDED 
TOTAL DISSOLVED SOLIDS 

TOTAL SOLIDS 
TOTAL SUSPENDED SOLIDS 

BICARBONATE 
BICARBONATE AS CAC03 

CARBONATE 
CARBONATE AS CAC03 

ALKALINITY AS CACO, 
TOTAL ALKALINITY 

Note: 

a = BICARBONATE AS CAC03 = BICARBONATE ' 1.22 

I 

ctlmwh 
RADIONUCLIDES 

GROSS ALPHA 

GROSS BETA 

PLUTONIUM- 239, -240 

. URANlUM-233,-234 

WATER QUAUTY 

CYANIDE 

HEXAVALENT CHROMIUM 

NITRATEMITRITE 

ORTHOPHOSPHATE 

TOTAL DISSOLVED SOLIDS 

TOTAL SUSPENDED SOLIDS 

BICARBONATE AS CACO, 

CARBONATE AS CAC03 

ALKALINITY AS CACO, 
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Multiple Fields of Analytical Data 

The main raw data table can contain data from the laboratory and from the data 
validation subcontractor for the same record. Validated data, if available, are placed in 
the OU 3 database. The following fields contain corresponding data from the two 
sources: 

RESULT 
QUALIFIER 
UNIT 
DETECT LIMIT 
ERROR 

V RESULT 
V QUAL 
v UNIT 
V DETECT 
-NO F E L b  

The protocols listed below are used to incorporate data from the laboratory and data 
validators: 

0 If the V RESULT field in the RFEDS data contains a result, then the value from 
V RESULT is placed in a new field (i.e., NEW RESULT) in the OU 3 database. 

0 If the V RESULT field in the RFEDS data is blank, the value in the RESULT 
field is placed in the NEW RESULT field in the OU 3 database. 

0 The UNIT, DETECT LIMIT, and ERROR fields are treated the same as the 
V RESULT and RESULT fields. NEW UNIT, NEW DETECT LIMIT, and NEW 
ERROR fields were created in the OU 3 database to contain the data selected by 
the protocol described above. 

0 

. .  The QUALIFIER and V QUAL fields from the RFEDS data are concatenated in 
a QUALIFIER field in the OU 3 database. 

The NEW RESULT, NEW UNIT, NEW DETECT LIMIT, NEW ERROR, and NEW 
QUALIFIER fields are used for quantitative data-analysis tasks. 

Inconsistencies in the RFEDS TEST GROUP CODES I 

The RFEDS data contain multiple codes in the TEST GROUP CODE field for the same 
general group of chemicals. W o  new fields were created in the OU 3 database, MAIN 
TEST GROUP CODE and GENERAL TEST GROUP CODE, to standardize the 
grouping of chemicals into main sample preparatiodanalytical method categories (e.g., 
DMETAL-CLP-NONCLP refers to dissolved metals) and general chemical categories 
(e.g., METALS refers to both dissolved and total metal analyses), respectively. "%le F-4 
summarizes codes used in the RFEDS TEST GROUP CODE field and corresponding 
cobes in the MAIN TEST GROUP CODE and GENERAL TEST GROUP CODE fields 
in the OU 3 database. 

F-10 
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Table F-4 
RFEDS Test Group Code Inconsistencies - Test Grouo CQ& 

BNACLP 
CLHERB615 
DMETADD 
DIOX613 
DPEST613 
DMETCLPTAL 
DMETNOCLP 
DRADS 
DMETCLP 
DSMETCLP 
METADD 
RFlN 
METCLP 
PAHCOM610 
PEST608 
PESTCLP 
PHPEST610 
PSTCLPTCL 
PSTPCB508 
RFME 
RFMS 
RFPP 
SMETCLP 
RFRA 
SELCOM625 
RFVO 
SELC0502.2 
RFSV 
TRADS 
RFRS 
TRIPES619 
SMETNOCLP 
SVOCLPTCL 
SMETCLPTCL 
VOA502.2 
VOACLP 
VOCCLPTCL 
WQPL 
OCLPEST608 

SVOA-ORGCLP 
CL-HERB-EPA615 
DMETALCLP-NONCLP 
DIOX-PEST-EPA613 
DIOX-PEST-EPA613 
DMETALCLP-NONCLP 
DMETALCLP-NONCLP 
DISSOLVED-RADS 
DMETALCLP-NONCLP 
DMETALCLP-NONCLP 

WATER-QUALITY 
METALCLP-NONCLP 
PAKPEST-PCEEPA610 
OCLPEST-EPA608 

PAKPEST-PCB-EPA6lO 

PEST-PCB-EPA508 
METALCLP-NONCLP 
DMETALCLP-NONCLP 

METALCLP-NONCLP 
TOTAL-RADS 
SVOA-ORGCLP 

VOA-EPA502.2 
SVOA-ORGCLP 
TOTAL-RADS 
DISSOLVED-RADS 
TRIPEST-EPA619 
METALCLP-NONCLP 
SVOA-ORG-CLP 
METALCLP-NONCLP 
VOA-EPA502.2 
VOA-ORGCLP 
VOA-ORGCLP 

METALCLP-NONCLP 

PESTICIDECLP 

PESTICIDECLP 

PESTICIDECLP 

VOA-ORGCLP 

WATER-QUALITY 
OCLPEST-EPA608 

SVOAS 
PESTICIDES 
METALS 
PESTICIDES 
PESTICIDES 
METALS 
METALS 
RADIONUCLIDES 
METALS 
METALS 
METALS 

METALS 
PESTICIDES 
PESTICIDES 
PESTICIDES 
PESTICIDES 
PESTICIDES 
PESTICIDES 
METALS 
METALS 
PESTICIDES 
METALS 
RADIONUCLIDES 
SVOAS 
VOAS 
VOAS 
SVOAS 
RADIONUCLIDES 
RADIONUCLIDES 
TRlPESTlClDES 
METALS 
SVOAS 
METALS 
VOAS 
VOAS 
VOAS 

PESTICIDES 

WATER-QUALITY 

WATER-QUALITY 
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STEP 4 - Identify and resolve redundant data records. 

Step 4 of the cleanup process is designed to identify and remove redundant records fiom the OU 3 
database and also uses the script XCLEANup.SC. Step 4 includes the following procedures: 

A. The main table is broken into subsets (i.e., Radionuclides, Metals, Volatile Organic 
Compounds, Pesticides, and Water-Quality parameters), and the algorithm described 
below is performed for each subset of data For each subset, additional tables are created 
(Le., a KEEP table for records that will be retained in the OU 3 database and REJECT 
tables) that require further processing. 

B. The records in the subset table to be processed are sorted in the following order: 

1. SAMPLE NUMBER 
2. CHEMICAL NAME 
3. MAIN TEST GROUP CODE 

C. As each subset table is parsed, all records having the same entries in the SAMPLE 
NUMBER, CHEMICAL NAME, and MAIN TEST GROUP CODE fields are copied to a 
temporary table. When the entries in the SAMPLE NUMBER, CHEMICAL NAME, 
and MAIN TEST GROUP CODE fields change, processing moves to Step 4-D, 4-F, or 
4-G, depending on the type of records contained in the temporary table. When 
processing returns to Step 4-C, it continues with the next group of records having the 
same SAMPLE NUMBER, CHEMICAL NAME, MAIN TEST GROUP CODE, until all 

( records have been processed. 

D. If the temporary table includes one validated record, the following protocols are used: 

0 The records in the temporary table are placed in a REJECT table if the NEW 
RESULT field (and ERROR field if the Radionuclides subset table is being 
processed) is blank for all records. 

The validated record is placed in the KEEP table if the NEW RESULT field of 
the validated record contains a value. All nonvalidated records in the temporary 
table are placed in a REJECT table. 

Processing returns to Step 4-C. 

E. If the temporary table includes more than one validated record, the following protocols 
are used: 

0 One of the validated records is placed in the KEEP table if the validated records 
have identical values in the NEW RESULT field. All other validated and 
nonvalidated records are deleted. 

F-12 
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0 If the RESULTS field of the records in the temporary table are not identical or 
are blank, all records in the temporary table are placed in a REJECT table. 

Processing returns to Step 4-C. 

E If the temporary table contains one nonvalidated record, the following protocols are 
used: 

b The record is placed in the KEEP table if the RESULT field (and ERROR field if 
the Radionuclides subset table is being processed) is not blank. 

b The record is placed in a REJECT table if the RESULT field is blank. 

Processing returns to Step 4-C. 

G. If the temporary table contains more than one nonvalidated record, the following 
protocols are used: 

b One of the nonvalidated records is placed in the KEEP table if the values in the 
RESULT field (and ERROR field if the Radionuclides subset table is being 
processed) are identical. 

b All of the records in the temporary table are placed in a REJECT table if the 
RESULT fields are not identical or blank. 

Processing returns to Step 4-C. 

'hbles that are created by Step 4 include: 

RADS.db Radionuclide subset table 

RDKEERdb KEEP table for the Radionuclides subset 

RDREJ6l.db Radionuclides REJECT table (validated record; RESULT and/or ERROR field is 
blank) 

RDREJ62.a Radionucrides REJECTtable (one validated record kept; a l l  corresponding 
nonvalidated records placed in this table) 

RDREJ63.db Radionuclides REJECT table (more than one validated record; no duplicate 
results; all records rejected) 

RDREJ64.db Radionuclides REJECT table (one nonvalidated record rejected; RESULT field 
blank) 

RDREJ65 .db Radionuclides REJECT table (more than one nonvalidated record; no duplicate 
results; all records rejected) 
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Step 4 is also followed to create corresponding tables for the Metals, Volatile Organic Compounds, 
Pesticides, and Water-Quality parameters. 

STEP 5 - Assemble the main cleaned-up table. 

In Step 5 of the cleanup process, all of the KEEP tables are assembled into one table (Le., DT{date].db.; 
{date] indicates the date when the table was assembled or updated). 

STEP 6 - Produce potential problem records report. 

Hardcopy reports of the rejected records are made from the REJECT tables for each subset of data 
(e.g., Radionuclides, Metals, etc.). These reports are used to resolve problems with data records. 

STEP 7 - Resolve problem records. 

EG&G data-management staff review data-problem reports and resolve the problem or redundant 
records. The following list sunmarizes the resolution of the types of data problems found after importing 
RFEDS data extractions on February 16,1994: 

a Blank RESULT field for Cesium-137: These records were nondetects and the value presented in 
the DETECTION LIMIT field should also be used in the RESULT field. 

a Blank ERROR field for Plutonium-239, -240: EG&G provided value. 

a Redundant nonvalidated records for Total Organic Carbon analysis: EG&G provided RFEDS ID 
number of the records to be retained in the OU 3 database; other records for the same sample 
number were deleted 

0 Nonvalidated results for surface soil samples: EG&G used nonvalidated records; validation 
could take from 1 to 6 months. _ _  

The following protocols are used for redundant validated records: 

a If analysis dates are different for redundant records, the record with the most recent date is 
selected for the OU 3 database. 

a If the analysis dates are the same for redundant records, selection of the record to be used in the 
OU 3 database is based on the Reason Codes associated with the Validation Codes. 

STEP 8 - Create final database tables. 

Corrected problem records and records selected from a group .of redundant records for use in the OU 3 
database are added to the DT{ date] .db table. . 

STEP 9 - Copy main table to the OU 3 database directory for Rocky Flats. 

The updated DT{ date] .db table is copied to the OU 3 database directory for Rocky Flats. 
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STEP 10 - Notify persons using OU 3 database of updated main table. 

Persons using OU 3 data are notified of the new table with a DATABASE UPDATE form. * 
Steps 3 through 10 are repeated with a modified cleanup script using QC data that were separated from 
original sample data during the cleanup process. 'Ihe DQ{ date} .db table is then created using cleaned-up 
QC data. 

F4.0 ADDITIONAL DATA INPUT 

Additional data were entered into the OU 3 database to supplement the data extracted from RFEDS, 
including data from the following sources: 

0 The 1984/85 Sediment Sampling Investigation (DOE, 1991), Attachments 1 and 2 
contain a discussion of analyses performed to determine the usability of these data in the 

RFYRI report for OU 3. 

0 Background Soil Samples from Rock Creek (DOE, 1993a). 

0 Soil Samples for the Sampling Area in Jefferson County. 

0 Background Geochemical Characterization Report (DOE, 1993b). 

0 Benchmark-Survey Data for Points and Polygons. 

These additional data were received in various formats, and different procedures were used to prepare the 
data for use in the OU 3 database, depending on the source. Table F-5 summarizes the dates received, 
format, and types of data and data preparation procedures for each of these sowces. 

F5.0 DATA ANALYSIS TABLE 

The Data Analysis table (DA{ date}.db) is composed of records from the DT{ date}.db, JT{ date}&, 
OT{ date} .db, and NB { date} .db tables. Additionally, the DA{ date}db table contains fields that reflect 
application of data-evaluation protocols. This section describes the data-evaluation protocols and 
outlines the procedures used to prepare the DA{date}.db table. 

F5.1 Data Evaluation Protocols 

The data-evaluation protocols for the Draft RFYRI report are based on Guidance for Data Usab i l w  
Risk Assessmenk (EPA, 1990) and a guidance memorandum from EGBG (EGBG, 1994, included as 
Attachment 3). The eleven protocols described in this section are the data manipulation rules that were 
applied to prepare the DA{ date}.db table for quantitative data analysis tasks. The protocols were 
designed to identify and eliminate data considered unacceptable for quantitative data analysis (e.g., data 
rejected as a result of data validation). Additionally, the protocols provide for consistent treatment of 
nondetects, QC samples, and other specific categories of data in the quantitative data analyses. 
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Table F-5 
Additional Data Sources 

Source 
lhuE 

Jefferson County Sampling Area 
Soil Data (extracted from RFEDS) 

Background Geochemical 
Characterization Report Data 
(DOE, 1993b) 

1983184 Sediment Sampling 
Investigations Data (DOE,1991) 

Background Soil Data From 
Rock Creek (DOE, 1993a) 

Benchmark-Survey Data 

. - -  

Enrmat 
ASCII file (Column- 
delimited) 

ASCII files (,.)lumn 
delimited) 

Hardcopy data 

Hardcopy tables 

ASCII Files (Comma- 
separated) 

Surfacesoil sampling results 
for 47 sample locations; Am-241 

1. Convert data to comma-separatd 
alpha fielddelimited files. 

and Pu-239, -240 

Background data for 
stream, surface water, stream 
sediments, and groundwater 

1984 Sedment data for 
IHSS 200 and IHSS 201 

Background surfacesoil 
data for 18 locations; 
radionudides 

Sunrey coordinates for 
sample points and polygons 
(surfacesoil plots) 

2. Import files to Paradox. 

3. Run data through preprocessing and 

4. Create Paradox tables for data useIs 

deanup scripts. 

(JT(date).dboriginal samples, 
JQIdate).dbQC samples, and 
JS(dat#.db)all samples). 

alpha fielddelimited files. 
1. Convert data to comma-separated/ 

2. Import files to Paradox. 

3. Remove seep locations, correct 
inconsistent units/chemical names. 

4. Create Paradox table (NB(date).db). 

1. Enter data into Paradox. 

2. Pedorm 100% QC check of Paradox 
data against hardcopy data. 

3. Create table of data (SL (date) .db). 

1. Enter data into Excel. 

2. Perform 1W/o QC check fo Excel 
output against hardcopy data. 

3. Import data to Paradox. 

4. Create Paradox tables for data users 
(OT (date), dboriginal samples, 00 
(data), d b G  samples, and 01 
(date). db-all samples. 

1. Import data into Paradox. 

2. Convert coordinates to state plane 
coordinates. 

3. Create table for points (BP(data).db) 

4. Create table for polygons 
(BY(date).db). 
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F5.1.1 Nonvalidated Data 

Any nonvalidated data in the OU 3 database were included in the DA{date}.db table and were used for 
quantitative data-analysis tasks for the Draft RFWRI report. A total of 1,082 records in the OU 3 database 
used for the COC selection process (7 percent) were nonvalidated. 

0 

F5.1.2 Validated or Qualified Data 

All data qualified with a “J,” and any other qualifiers except those with an “R,” in the VALIDATION or 
NEW QUALIFIER fields were included in the DA{ date}.db table and were used in the quantitative data 
analysis tasks for the Draft RFI/RI report. Validated data flagged with an “R’ in the VALIDATION field 
or nonvalidated data flagged with an “R’ in the N E W  QUALIFIER field were not included in the 
DA{ date}.db table and, therefore, were not used in any quantitative data analyses tasks for the Draft 
RFI/RI report. Data flagged with an “ R  are rejected because they did not meet performance 
requirements in the sample or in the associated QC samples. ?he R-qualified data may be used 
qualitatively in the RFI/RI report, if appropriate. 

F5.1.3 QC Samples 

All QC samples (e.g., trip blanks, field duplicates, laboratory replicates) were removed from the 
DA{ date}.db table and were not used for quantitative analysis tasks for the RFVRI rep$  The QC data 
were used to evaluate precision, accuracy, representativeness, comparability, and completeness (PARCC) 
under the RFI/RI Task 4. 

\ 

@ F5.1.4 Treatment of Detects or Nondetects for Inorganic Parameters 

Analytical results for metals and water-quality parameters were treated as detects if the following 
conditions applied: 

0 The NEW QUALIFIER field is blank. 

0 A sample is not qualified with a “U” in the NEW QUALIFIER field. A sample qualified 
with a “ U  is a nondetect and is below the instrument detection limit. 

A sample is qualified with a “ B  in the NEW QUALJFIER field. The “B” qualifier 
signifies that the analytical result was below the contract-required reporting limit 
(CRDL) but above the instrument detection limit (IDL). B-qualified data are considered 
to be detects and are used as such. 

F5.1.5 Treatment of Nondetects for Volatiles, Semivolatiles, Pesticides, and PCBs 

When applying any parametric analytical test, one-half of the reported analytical result (the NEW 
RESULT field in the database) was used for organic samples flagged with a “U’ in the NEW 
QUALIFIER field. All data flagged with a “U” were counted as nondetects when performing detection 
frequency calculations. 

When applying any nonparametric analytical test, the reported analytical result (the NEW RESULT field 
in the database) was used for organic samples flagged with a “U’ in the NEW QUALIFIER field. @ 
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F5.1.6 Treatment of Nondetects for Radionuclides 

DOE’Order 5400.1 provides guidance on the treatment of radionuclide results at or below the detection 
limit. ?he DOE order states: “All of the actual values, including those that are negative, should be 
included in the statistical analyses. Practices such as assigning a zero, the detect limit value, or some in- 
between value to the belowdetectable data point, or discarding those data points can severely bias the 
resulting parameter estimates and should be avoided. ... Data from censored distributions are more 
amenable to standard statistical analyses than are those from truncated distributions ....” 

Based on the DOE guidance, all radionuclide results were treated as detects for quantitative data-analysis 
tasks except for calculation of detection frequency. For calculating detection frequency, all results 
flagged with a “U” in the NEW QUALIFIER field were counted as nondetects. 

F5.1.7 Treatment of Negative and Zero Results for Radionuclides 

Based on DOE Order 5400.1, all radionuclides results, including negative and zero values, were used in 
quantitative data-analysis tasks. For statistical tests requiring log-transformations of the radionuclide 
results (e.g., background statistical comparison tests), the distributions of results for a particular analyte 
for both OU 3 data and background data were shifted by adding a constant value to each result so that al l  
results were positive. This shift was performed because calculation of the natural log of zero or negative 
values results in an error. Therefore, negative and zero values could not be included in the comparison 
test when log-transformation was required, if the shift was not performed. 

.F5.1.8 Treatment of Error 

The impact of the ERROR reported for the radionuclide parameters will be discussed in the RFVRI 
Uncertainty Section. In cases where the ERROR is greater than or equal to 0.5 times the NEW RESULT 
value, there is less confidence in the reported result and a higher degree of uncertainty. For example, if 
the ERROR is subtracted from the result, the reported value may be less than the detection limit. Data 
that fall in this category will be identified but not altered for quantitative data-analysis tasks. 

F5.1.9 Treatment of Outliers 

An outlier is an extreme observation that does not conform to the pattern established by other 
observations and is unlikely to be a valid member of the population of interest. An outlier may be the 
result of an incorrectly read, recorded, or transcribed measurement; an incorrect calculation; an error in 
documentation (field or laboratory); or an actual environmental condition. To evaluate the presence of 
outliers, the following procedure was applied to the analytes, by sample type, for the sediment, 
surface-water, and groundwater background data in the Background Geochemical Characterization 
Report (DOE, 1993b) only (this screening process was not applied to OU 3 data): 

- 1. Anomalous data were flagged. - - 
- 

2. These flagged values were examined, then checked individually if judged to be geochemically 
questionable. Each flagged outlier was evaluated with respect to the historical trend of the data 
for that specific location, as well as laboratory conditions such as matrix interference, in an 
attempt to determine why the datum was aberrant. 
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3. If the outlier resulted in a correctable error, the value was changed, and the correct value was 
included in the data set. Data that were believed to have resulted from laboratory contamhation 
(e.g., acetone “hits”), irresolvable transcription errors, or other noncorrectable errors that gave 
results not thought to be representative of background were excluded from subsequent statistical 
analyses. 

Outliers listed in Appendix E of the Background Geochemical Characterization Report have been 
excluded from the DA{ date}.db table of the OU 3 database and therefore, were not used in statistical 
comparison tests. 

F5.1 . I O  Averaging of Analytical Results for Surface-Soil Samples Collected Using 
Different Methods 

Surface-soil samples were collected by two different methods: the Colorado Department of Public 
Health and Environment (CDPHE) method and the Rocky Flats/Modified Hazel method (MHM). The 
paired t-test at the 95 percent confidence level showed that the results from these two methods were not 
significantly different (see Attachment 4 for a detailed discussion of the statistical analysis). Therefore, 
results of the two methods for a sample location were averaged and this mean value for the sample 
location was entered into the DA{ date}.db table of the OU 3 database in the NEW RESULT field for use 
in quantitative data-analysis tasks. 

F5.2 PREPARATION OF DATA-ANALYSIS TABLES 

The following procedures were used to prepare the DA{ date}.db table: a 1  
1. 

2. 

3. 

4. 

5 .  

6.  

7. 

8. e 

A copy of the DT{ date}.db table was named DT2DA.db. 

The “Rejected” (VALIDATION field contains an “ R )  data records were removed from the 
DT2DA.db table. 

The units were checked for consistency. 

The codes in the CHEMICAL NAME field were checked for consistency. 

A DETECT field was added to the table. The DETECT field indicates if a record is a nondetect 
(U) or a detect ([BLANK]). If the NEW QUALIFIER field contained a “U,” then the DETECT 
field for the corresponding record contains a “U;” otherwise, the DETECT field was left blank. 

(i 

An AREA field was added to the table. The AREA field denotes if the record is background (B) 
or OU 3 site (S) data. For the DT2DA.db table, the AREA field was set to “S” to denote that it is 
OU 3 site data. 

The data from the DT2DA.db table were inserted into the DA{ date}.db table. Procedures 1 
through 7 were repeated for the JT{date}.db, OT{date}.db, and NB{date}.db tables. After all 
tables were combined into the DA{ date}.db table, the following procedures were performed: 

The DA{ date}.db table was checked for overall consistency of units. 
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9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

F6.0 

’Ihe DA{ date} .db table was checked for overall consistency of codes in the CHEMICAL NAME 
field. 

Fields from the data grouping table @G{ date}&) were added to the DA{ date}& table. Using 
the LOCATION CODE field as a link ffom the DA{date}.db to the DG{date}.db, the JHSS, DG 
TYPE, DG GRAB CORE, and DG SOIL were linked into the DA{date}.db table. 

New fields (Le., ADJ DETECT and ADJ RESULT), based on the data-evaluation protocols, were 
set up in the DA{ date} .db table. The values in the DETECT and NEW RESULT fields were 
copied into the ADJ DETECT and ADJ RESULT fields so that both sets of fields contained the 
same data The ADJ fields were then adjusted to reflect application of the data-evaluation 
protocols, and the original fields were. not changed. 

For all radionuclide records, the ADJ DETECT field was set to a PLANK] value to denote the 
record as a detect value. 

For all metal records, if the NEW QUALIFIER field contained a “By” then the ADJ DETECT 
field value was set to a [BLANK] value to denote the record as a detect. 

For all records that contained a “U’ in the ADJ DETECT field after completing procedures 12 
and 13, the value in the ADJ RESULT field was replaced with a proxy value (Le., one-half of the 
value in the NEW RESULT field). 

The updated DA{ date} .db table was copied to a separate directory. 

Persons using OU 3 data were notified of the updated DA{ date}.db table with a DATABASE 
UPDATE form. 

QUALITY CONTROL CHECKS 

The following QC checks were performed to verify the completeness and consistency of the OU 3 
database: . 

A QC audit of the ST{ date} .db table was performed using printouts of the original source data. 
Any error or inconsistencies found in the ST{ date} .db table were corrected. 

A list of missing data (i.e., data requested from the laboratories but not contained in the 
DT{date}.db or DQ{date}.db tables) was produced by comparing the ST{date}.db table (i.e., 
sample tracking matrix that contains all requested analyses for each sample number) to the 
DT{ date}.db and the DQ{ date).db tables. The records listed on the missing data list were 
checked against the RFEDS data received from EG&G to verify that all data received from 
RFEDS were imported into the OU 3 database. 

SAMPLE LOCATION codes in the DB{date}.db, DG{date}.db, and DA{date}.db tables for OU 
3 field-investigation data were compared to SAMPLE LOCATION codes in the ST{ date} .db 
table. No inconsistencies were found between SAMPLE LOCATION codes in the tables. 

The DA{ date}.db and DB { date}.db tables were checked for consistency of analytical result units 
for each CHEMICAL NAME. Records with inconsistent uNts were corrected. 
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0 The DA{ date} .db table was queried to verify that it did not contain any QC samples or 

The DA{ date} .db table was queried to verify that it contained data for the following SAMPLE 

R-validated or qualified data. No QC samples or R-validated or qualified data were found. 

e 

TYPES only: SS-surface-soil plots, PT-pit trench soil samples, SW-surface water, SD-sediment, 
GW-groundwater, and BI-biota. These SAMPLE TYPES were found along with several records 
with “UN” (unknown) in the SAMPLE TYPE field. “he records with “ U N  were corrected. 

e Sample locations contained in the DG{date}.db table for each medium were checked against the 
GIS plots to v e r a  all sample-location data were transferred to ARc/INFO. Sample locations 
were found to be consistent between the DG{ date}.db table and the GIS plots. 

0 Ten percent of the analytical data displayed on the GIS plots were checked against the NEW 
RESULT field in the DA{ date} .db table for corresponding sample locations to verify that the 
analytical data were accurately transferred to ARC/INFO. No errors were found in the analytical 
data on the GIS plots. 

Additionally, a QC check of the cleanup script was performed using a sample data set that contained 
historical data, QC data, and redundant records. No errors were found in the data set after cleanup; 
historical records and QC data were separated, and redundant records were placed into the appropriate 
REJECT tables, as described in Subsection F-3.0. 
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and RFURI Sediment Data 
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Note: The 1983/1984 sediment data are referred to 9s ‘%Setlock historical’’ data in this memorandum. 
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Statistical Comparison of Setlock and RFEDS Data 

DEiV3018~X1.08 

The Setlock historical plutonium 239t240 sediment data for Standley Lake and Great 
Western Resexvior (GWR) has been statistically compared to the RFEDS plutonium 
239/240 sediment sample data to determine if there is a si@cant diflerence in the 
means of the data sets. For the Standley Lake sediment daw there is not a 
signScant difference in the means of the Setlock and RFEDS data sets at a 95% 
coddcnce leveL The data could be combined for fume data analysis. For the - -c - 
GWR sediment data, there is a si@cant difEerence m the means of the data sets: . 
The GWR Setlock plutonium data should not be used for fume data analyss. 

* 

The following describes the analytical method used. The data analyzed are shown in 
Attachment 1 to this memo. For four of the Standley Lake sample locations 
(SED09492, SEDO9592, SED09695 and SED09792) there are three RFEDS samples. 
In order to do a sxatistical t-test paired by location (as requested by EG&G), there 
needs to be one Setlock and one RFEDS sample'value per location analyzed. To 
accomodate this, the FGEDS data was summarized two Merent ways. One way was 
to use the one RFEDS d u e  at each of the four locations that was sampled in the 
same time frame as the other RFEDS data used (see column STRFRES in 
Attachment 1). The other way was to average the three RFEDS values at each of 
the four sample locations with more than one RFEDS value (see column RFEDSAV 
in Attachment 1). 

A t-test for paired comparisons was performed determine if there is a s i p h n t  
difference between the Setlock and RFEDS data This comparison tests whether the 
mean of sample differences between pairs of data is si@cantly S e r e n t  kom zero. 
The standard error Over which this hypothesis is tested is the standard error of the 
mean difference. 
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Attachment 2 shows the results of three comparisons using S W A T  sofcware: 
Standley Setlock vs. RFEDS (for same date samples at the four locarions) 
Standley Setlock vs. RFEDS (for average samples at the four locations) 
GWR Setlock vs. RFEDS. 

For each comparison, a probability is shown. This is the probability of seeing such a 
difference in the means of the two data sets given that the null hypothesis of the 
difference in the means being sign5cantly different €tom zero is true. If the 
probability is high we do not reject the null hypothesis and conclude there is no 
-cant difference in the means. If the probabiiiry is low, we reject the null 
hypothesis and conclude there is a significant difference m the means of the data sets. 

For the Standley Lake comparisons it did not matter what sample values were used 
for the four locations with multiple RFEDS samples. Both comparisons showed the. 
means are not s~@cantly different with 95% coddence (PROB=OJ30, 0529). The 
GWR comparison shows the means to be sisrzificantly different with 95% confidence 
(PROB=0.026). 

A review of the summary statistics for each of the data p u p s  shown in Attachment 2 
reflects these conclusions. The mean of the Standley Lakc Setlock data (0.061) is not 

-- - 

-. 
, 

0 
'... . . .- . 

much difftrcnt from the RFEDS data summarized G o  Merent ways (0.b45). -The 
- mean of the GWR Setlock data (0239) appears to be greater than the GWR R E D S  

data (0.094). 

The Standley Lake Setlock data can be appropriately combined 'kith the RFEDS data 
for fume data anaiysiS. The GWR Setlock data should not be used for funher data 
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ATACUMEAIT 2# 
PPT- T-TSST O F  SfitQcgL,3ATA TO W-DS S m L E  DATA 
I' 7/23/43 1:17:30 2M A:\SETZ.SYS 

N OF CASES 
MINIMUM 
KUIMM 
bsxv 
STANDARD DEV 

N OF CASES 
MINIMUM 
MAxxMUM 
MEAN 
STANDARD DEV 

STSETRES 

20 
0.000 
0.553 
0.061 
0.118 

GWRSETRE 

STRE'RES RFEDSAVG 

20 20 
0.001 0.001 
0.190 0.190 
0.045 0.045 
0.046 0.046 

GWRRERES 

15 15 
0.013 0.014 
0.991 0.187 
0.239 0.094 
0.253 0.049 

c -  

PAIRED SAMPLES T-TEST ON STSETRES VS STRFRES KITH 20 CASES 

1 JJ DIFFERENCE 0.017 

T -  0.640 DF = 19 PROB - 0.530 
DIZFERENCE * 0 -115 

PAIRED SAMPLES T-TEST ON STSETRES VS RFEDSAVG. WITH 20 CBSES 

IEAN DiFfilRENCE 0.017 
SD DIFFERENCE = 0.116 
T -  0.641 DF - 19 PROB - 0 A 2 9  

PAIRED SAMPLES T-TEST ON Gif7RSETR.E vs GGJRRFRES WITH 15  CASES 

MEAN DIFFERENCE - 0.145 

T - -  . 2.498 DF = 14 PROB = 0.026 
SD DZFFERENCE = 0.225 _ -  

- ~ 

- - 

I 
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Note: The 1983/1984 sediment data are referred to as “Setlock historical” data in this memorandum. 
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Revision to Sca&kal Comparison of Setlock and OU3 RFL'RI Data 

DEN301Sl.Xl.08 

INTRODUCI'IONPURPOSE 

The Setlock historical plutonium 239E40 sediment data for Standley Lake and G r e a t  
Wesrern Resemior (GWR) are nadstically compared to the OU3 RFVRI ~ I U K O I I ~ U ~  
239/3,40 sediment sample data to determine if it is appropriay KO combine the Sedock 
data with the OU3 RFVRI data for funher data analysis. 

This memorandum is a revision to the original analysis performed in July (reference 
memorandum dated 7/23/95). The original analysis was performed usmg a paired 
t-tcst The OU 3 Work Plan (reference 21100-WP-0t'3.1, seaion 6, revision 1, p. 29) 
speci5es that the anal!& will be perfomed using another type of paired analysis; 
referred to in the Work Plan as the sign test. However, the szatisdd test desmied 
m the OU 3 Work Plan is known as the Wilcoxon signed rank tes~ There is another 
statistical test for paired dam called the Sign test bm it is not the tczf described in the 
Work P l a i  7he S i g  test is less efficient than other natisical tens for derccring m e  
differences between data sen (Snedecor and Coctrran, 1989). Therefort, the paired t- 
tCSt and Wilcoxon signed rank ttSt are used for this analysis. This memorandum 
summarizes the rcsults of the paired t-test and Wilcoxon signed rank test 

APPROACH 

The hypothesis tested is that the Setlock historical PiUtOniUIII activity levels are ' 

greater than or equal to the OU3 RFURI plutonium activity levels. The Setlock and 
OU3 RFVRI data are matched by sample location and therefore treated as paired 
data. The null hypothesis is that the median of the population of paired differences is 
equal to zero. The alternative hypothesis is the median difference is not equal to 
zero. 
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If the null hypothesis is not rejected (Le- the median differences equal zeroj. then it 
is concluded that the Scdock historicai data are not si-piEcantly different tiom the 
OU3 RFLRI sample data and the data are combined for funher analysis. If the null 
hypothesis is rejecrcd. then it is conciuded that :he Setlock data are simificantlv 
different from the OU3 RFI/RI samme data. Funkrr analysis would &en be * 

performed to determine if the Setlock data art significantly hi@er or lower than the 
OU3 RFVRI dam. If the Sctiock data are significantly higfier the data are sdil 
combined with the OU3 
conservative in that hi@r hisrorical plutonium activity lev& will increase the OL3 
RFURI activiry levels. If the Setlock data would be sipi6candy lower than the OLr5 
R F l N  data a reevaluation of the data would be performed as this would be an 
unexpected result. 

data for funhcr analysis. This approach is 

Two different types of statistical comparisons for paired data are performed. The 
paired t-test is a parametic t a t  that assumes the population of the difEerencts in &e 
pairs are normally distributed and compares the mean of the population of paired 
differences to zero. (In a normal dismbution the mean is the same as the medianr- 

The Wilcaxon signed rank tcst is a nonparametric test rhat maker no distributional 
assumptions abom tfie dam ?his tcst dctcxmiues whether the median of the 
popuiation of paired differences is equaI to zero. The tcst is more efficient than the 
t-test for dcteaing diEercnces in the mo p u p s  of data when the data are not 
nonnally distniuted. The M b x o n  signed rank.test is also appropriate for when the 
population of the paired dEerences in the data have heavy-tailed disrnbuuons and 
conrain outlien (Snedecor and Cochran. 1989). 

The comparison approach is the same whether using a paired t-test or WiIcoxon 
signed rank tes t  For each comparison, a probabiliy is shown. This is the pmbabilirv 
of observing the results of the two data sets @en the null hypotficsis rhat there is nd  
dZfcrcnce in the medians (means) is m e .  If the probabiliry is high, we do not rejec: 
the null hypothesis and conclude there is no sig&ant Merence in the medians. If 
the probability is low, we reject the nuil hgothesis and conclude there is a s i w c a n t  
difference in the medians of the data sets. 

- 
. .  - 

ANALYSIS 

The GWR and Standley Lake sediment plutonium data are shown in Tables 1 and 1. 
respecriveiy. In Table 2, four of the Standley Lake sample locations (SED09492. 
SED0959Z SED09693, and SED0972) have three OL13 RF?/RI samples per locatior, 
which were collecred on different dates. In order to perform a statistical test W h  

e 
\. .. 

- -  

!. ,e 
- 



SETLOCK 
S&WLE# 

GWR-EGO1 

. 

OU3 RFVRI SETLOCK ,, OU3 RFURI 
SAMPLE* O W )  (PCi&) 
SED12892 0.078 0.0460 
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dau paired by location. there needs zo be one Setlock and one OL'3 RFLm sampic 
value per locarion analyzed. To accornodate .Ciils. the OU3 RFL'RI dau are 
summarized w o  difftrcnt ways. One way 3 to use the one OU3 RFI/RI value at 
each of ;he four locations that was sampled in the same rime frame as the other OU3 
XFIM aara used. The other way is to average the the: OU3 RFI/RI values at each 
of the four sample iocauons. These w o  ways of summaridng the data for analysis 
are shown in Tabie 2. Not all of the Setlock plutonium dara available are used in 
these analyses. Only those samples which have a corresponding OL'3 RFURI sample 
are used. 

TABLE 1. GWR SEDIMENT PLUTONIUM AcTNIT i  DATA 

R GWR-EGO3 I SED13092 I 0.064 I 0.0419 II 
1 GWR-EGO4 I SED13192 I 0.056 I 0.1060 11 
1 GWR-EGO9 I SED13392 I 0.406 I 0.0827 11 
1 GWR-EG13 I SED13492 I 0257 I 0.1030 11 
11 GWR-EG14 I SED13592 1 0.278 I 0.1300 11 
1 GnR-EG16 I SED13692 I 0337 I 0.1190 11 

1 GWR-EG32 I SED14392 I 0.lrU) I 0.1250 11 
11 GWR-EG36 I SED14492 I 0.013 I 0.0143 11 
11 GWR-EG35 I SED14592 I 0.991 I 0.1533 11 
11 GwR-EG41 I SED14692 I 0.065 I 0.0667 11 
11 GWR-EG33 I SED14792 I 0.430 ~ 0.1872 -11 

- .- 

I 
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Yovcmbtr 10. & 
L- 

SL-10 

SL-29 

SL-47 

SL-12 

SL-17 

SL-09 

SL-08 

SL45 

SL-35 

SL-52 

SL42 
SL-26 

SL-30 

SL-01 - 

- 

- 

SL-3s 

SL-37 

SLJO 

SED09792 0.050 . 0.0021& 0.01809 1 0.0131 

SED09892 0.067 0.1895 0.1895 0. IS95 ' 

SED09992 0.041 0.0599 0.0599 0.0599 
SED10092 0.005 0.0325 0.0325 - 0.0325 

SED10192 0.057 0.0391 0.0391 0.039 1 
SED10292 0.041 , 0.0324 0.0324 1 0.0324 

SED10492 0.071 1 0.0367 0.0367 0.0367 

SED10592 0553 I 0.0726 0.0726 0.0726 

SED 10692 0.027 I 0.0267 0.0267 0.0267 
SED10792 0.079 1 0.0447 0.0447 0.0447 

SEDlOS93, 0.018 I 0.0170 0.0170 0.0170 

0.019, 0.01809 

SED10392 0.029 1 0.0377 0.037 0.0377 

SED10992 I 0.069 I 0.1440 0.1440 0.1440 

SED11092 0.000 I 0.0011 0.0011 0.001'1 

SED11 193, 0.020 1 0.015; 0.0153 I 0.0153 

SED 1 1292 0.023 I 0.0599 1 0.0599 1 0.0599 

SED 1 1392 0.014 1 0.0117 1 0.0117 1 0.0217 



e 
The paired t-test and Wilcaxon signed rank rest are used to make the following 
comparisons: 

GWR Sctlock vs. GWR OU3 RFT/RI 
Standley Scriock vs. Standley OU3 RFI/RI (same dare samples) 
Standley Scdock vs. Standicy OU3 RFtRI (average samples). 

The results of the paired t-test are shown in Table 3. The mean and standard 
deviation of the differences are shown for each comparison. These smdsucs are used 
to calculate a T-statistic that is used with the degrees of keedom (equal to the 
number of samples minus one) to determine the probabiliy of seeing such a resuit 
given the null hypothesis that the mean of the dif€erences is zero. 

a 

TABLE 3. RESULTS OF PAlRED T-TEST 
COMPARISON 

GWR Seriock vs. 
ou3 RFVRI 

standley Setiodt 
vs. ou3 RFURL, 
Same date samples 

Standley Setlock 
vs. ou3 RFURI, 
avg of samples 

DIFF DIFf TmAT 
MEAN1 SD I 
0.145 1 0.225 1 2498 

0.017 0.115 0.640 

0.017 0.116 0.641 

DF 

0530 

The GWR comparison shows the means to be si@cantly Merent wizh 95% 
confidence (Le- PROB=0.026 is less than 0.05). For the Standley Lake comparisons 
it does not maner what sample values are used for the four locations with multiple 
OL'3 RFI/RI samples. Both comparisons show the means are not si@cantly 
different with 95% confidence (Le, PROB=OSO. 0.539 are greater than 0.05). 

Table 4 shows the results of the Wicoxon signed ranks test This nonparametric 1 

approach calculates a 2-statistic based on ranks of the data. This 2-statistic is used 
to determine a probabiliy using normai approximation. This is the probabficy of 
seeing such a result given the null hypothesis that the median of the paired 
differences is zero. 
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TABLE 1. RESULTS OF wlLCOXON SIGNED Rh;Lxs TEST 

COMP.4RISON 

G w R  Se:lock vs. 
O K  W R I  

Standley Stzlock 
vs. ou3 RFI/RI, 

Same date samples 

Standley Setlock 
w. OU3 RFURI, 
avg of samples 

-2.669 

4.075 0.940 

-0.019 0.985 NO 1 
The GWR comparison shows the medians to be si@cantly different with 95% 
coddencc (PROB=0.008 is less than 0.05). For the Standley Lake comparisons it 
does not martcr what sample vaiues are used for the four locations with multiple - =- 
OU3 RFVRI samples. Both comparisons show the medians arc not si@Canrty 
dif€crent with 95% coddenct (PROB=0940, 0.985 greater than 0.05). 

A review of the summary statistics for each of the data groups shown in Table 5 
reflects these conciusions. The mean and median of the Standley Lake Seriock data 
are not much dif€ercnt h m  the 0-U3 RFI/RI data summarited two different ways. 
The mean and median of the GWR Sedock data appear to be grearer than the GWR 
ou3 mRI daa 

%e 

TABLE 5. SUMMARY STATISTICS FOR SETLOCK AhD OU3 WRI DATA 

xo. of cases 

ST&- 
SETLOCK 

20 

STANLEY 
ou3 

RFYRI 
(same dare) 

30 

S T A i i  GWR GWR 
ou3 SElLOcK ou3 

RFItRI RRi'RI 

II LMinirnum I 0.000 I 0.001 0.001 I 0.013 I 0.014 
L 

0.5'53 0.190 I 0.192 1 0.991 o s s i  

Median 9.035 0.032 0.032 0.157 0.103 

Mean 0.06 1 0.045 0.045 1 0.39 0.094 

n 7;-  Std. Dev. I 0.118 0.046 I 0.046 u.-J I 0.049 

. -  

k ,  e 
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CONCLUSIONISUMMARY 

The Setlock data are compared wih the OU3 RNRI data for Standley Lakc and 
Great Western Reservoir using two dif€ercnt staristical tan (paired t-test and 
Wilcoxon signed rank test). Both staristical tests show no sisnificance di3erenct in 
the Setlock and OU3 RFURI data for Standley Lake at 95% coddencc. Both 
statistical tests results show a significant difference in the Setlock and OUZ RFI/RI 
data for Great Western Reservoir at 95% cofidenct. .However, the mean and 
median activity level of the GWR Setlock plutonium data are higher than the GWR 
OU3 RFURI plutonium data. 

Based on these results, the Setlock data for both GWR and Standley Lake can be 
appropriately combined with the OU3 RFURI data for fume data analyses. 

I 
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NOTE: The only background data that should be used (for Ot's 3 through 16) in the OL' V. 

Background comparisons, are those ASCII fdes dated 9-30-93 or later. Previous information 
regarding t detection limits, and earlier file generations of the background data @ shouldbe= - 

The smxiard RFEDS output format changed on February 21,1994. The old output foxmat is given 
here as Appendix A; the new output format is given here as Appendix B. 

h gentral, there arc acuaally thhe related issues that m y  arise for users of RFEDS data: 

(1) How to deal with multiple detection limits 
(2) How to peat nondettcts 
(3) How to perfonn data cleanup 

1.0 

1.1 

* 

MULTIPIJ3 DETECTION LIMITS 

The standard reporbs format for dam (through 1993) gives one field for the 
reported &&on limit. Unforamatcly, this one fsld may confain either of thee variables; 
tht insuument detection limit (IDL), the, method dcrccrion limit (MDL), or tht co&ct- 
rcqwrcd detectiodquantitarion Iimit (CRDUCRQL). The sigmfhnce of these three 
different types of detection limits is thar, for inorganic analytcs (i.e., metals and water- 
quality parameters), tht CRDL may be one to KWO orders of magpizudc greater than the 
conrspondhg IDL for a parridar analytc. 

The "Gansccki rule" was proposed (in EPA commeots on the 1990 Background 
Geochemical chor4crerizraion Report) as an arrcmpt to dhjnate the high-value non-detects 
from the data set. The "Gaaxcki rule" calls for exclusion of ail non-dctecrs =Orratcr than 
two rims the minimum reponing limit; however, this "rule" has, come undn criticism as 
arbiuary and possibly not technically defensible. 

Summary and Recommendations 

Decisions based on a graphical review of the data disaiution arc thought to be more 
technically defensible than thc general applidon of an arbiuary rule (Le. the "Gansecki 
rule"), even if the "rule" comes from €PA commeo~. The use of professional judgement 
and technically arguable reason@ art recommend& in place of the "Gansecki rule." It is 
incumbent upon the dara users to document all sups in their analysis of R E D S  data. 

EG&G will review the graphics jointly with the subcontractor, and provide pidance at this 
pint  ill the dara analysis. 



8 The values of CRDU for m d s ,  as given in P A  SOW for Inorganics Analysis, should 
be compardwith thc data set to ascertain what p e r c m  of tht dam is reponed as the 
value of the-%RDL (see Table 1). EG&G will review the data jointiy with the 
subcommaor,= give dihctions on how to proceed. 

e 
~~ 

Table 1: INORGANIC TARGET ANALYTE LIST (TAL) 

. .. 

... 
.- . .. 

Aluminum 
Antimony 
Arsenic 
Barium 
BeiylliLlm 

Calcium 
chromium 
Cobalt 

Iron 
Lead 
Magnesium 

Copper 

Maw== 
Mercury 
NlW 
Potassium 
Selenium 
SilVCr 
Sodium 
Thallium 
Vanadium 
zinc 
Cyanide 

200 
60 
10 
200 

5 
5 

so00 
10 
50 
25 
100 

3 
SO00 

15 
0.2 
40 

SO00 
5 
10 

so00 
10 
50 
20 
10 

L.. ...._ 

2.0 T'REATMGYI' OF NON-DETECTS 

For those data sets combing censored data, the method of hplaccmcr~ affects the value - 

obtained for the mean and upper confidence limit (UCL). The mean and skcwntss gcneraily 
increase in deviation from tht true values, as the propomon of nondetecrs iDMeases. ne 
deviation from true mean value is also greater as the amount of skewness incrtves. 
Maximum Liktlihood Estimarion 0 generally does a beaer job of estimating skewness 
than does simple substitution: a 

i . 
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Sanford er al. (1993) tested the "accuracy" of different rcplactment methods for nondetects. 
evaluaMg the accuracy of different methods by the root mean square error and by a scoring 
symm-;Sanfatd er ai. (1993) conduded chat the performance of the different replacement 
mtthods werc?is follows: - 

23 

* 

* 

SCORNG OF DIFX'EREiYT REPLACEMNT METHODS 

MLE Simde Sub. prou Nondetects 

40% Nondetecrs 93 5% 89 % 64% 

80% Non-detccts 61 R 54% 29 % 

Therefore, for as much as 80-percent nondeucts, simple substitution and MLE have been 
shown to have similar "sacngth" (see Sanford er af., 1993). In cases with greater than 80- 
pertent non-detects, the results obtained from simple substitution and MLE may be quite 
different, and can lead to different - possibly opposite - conclusions. 

Ccrtaidy the worst possible trcarment of nondetccts is to drop them from thc data set 
(Helsel, 1990; Sanford er al., 1993). Nondetects should iyEyER be excluded from any 
Statistical comparison of OU vcrsus background data. 

Given the cumulative u n c m a h b  throughout tht processes of sampling and c h d c a l  
analysis, the possible m inaoduced by using simple sub&ution rather than MLE 
repiaccrneat of nondetccts is probably acceptable. The standard practice for tfearmellt of 
nondeucts, as given in EPA statistical guidance for RCRA sitcs (1989, 1992), calls for 
simple substicution using 'A tht dcttttion limit, for nondcrcct rates of as much as -15 
Pe= 
Summary and Recommendations 

- - _  

Data for which all unit designations arc blank, should be delered from tht working data set 
if it is not possible to obtain vcrifidon of units. 

As a replacement value for any non-dctttt prior to standard sfatistical analyses, the data user 
may choose to do the following: 

> ' Use H rhc reported detection limit, for rcplacemenr of non-deticco. 

> i ~ u x n - 1 ~ ~  methods (see Helsei, 1990), in which non-detccts arc fitted to 
a distribution and a s s i m  a range of values, may also be used as a method of 
replacing nondetects. (NOTE: This method does require the analyst to choose a 
distribution - either lognormal or normal - to assign values to nondetects. The 
analyst should also be a m  of back-uansformation bias in the case of 10s- 
transformed data.) 

Based on the study of Sanford er af. (1993) and EPA CERCLA guidance, the 



.- 
,.. 

* 

recommendation of EG&G is to use 'A the reported detection limit as a replacement value 
for a m l ~ w i t h  as much as 80-percent non-detects. For analyes with a non-detecr rate 
of thk 80 percent, the use of inferential m&Cai analysis is not recommended. 
EG&G will p i d c  additional JaUjdancC for trcannent of these high-rate nonde:etrs. 

data for radionuclides should be used as detects, exctpt for rejected data (validation code 
= R). For liquid samples, radionuclide data are p.Urally @en Units of PCI/L; for 
solids, radionuclide data arc in PWG,  except for TRITNM data, which an always in units 
of PcI/L. 

For organics, the result qualifier should be used to determine the percentage of nondetects. 
Non-dctccrs for o r p i c  a n a l p  arc generally qualified "U", bur other dtsigations may 
also appear in the rrsuitquatifxr field (for addirional information about result qualifies (see 
atra,chcd Appendix 0. 

"Hits" of some common lab conmmhants such as acetone, methylene chloride, and certain 
phthiattr may indicate contamination if dettctcd in the associated lab blank; such sample 
d t s  arc dcsignatcd by a "B" in the rcsult-qualifier field. EPA guidance for risk 
assessment (1989 EPN540/1-89/002) indicates that if the concerntion of a common lab 
contarmnant . in a sample is more than 10 times the concentration of the same analyte in the 
blank, then the sample result is takcn to be a real "hit", not just lab conramination. For 
other analyes that are not typically found as lab conraminanrS, EPA guidance (EPA, 1989) 
states that if the concentmion in the sample exceeds 5 times the CoILcUIpation in the b h k ,  
then the sample rtsult is takcnto be a hal "hit", not just lab conramination. 

For metals and w a t e r q d t y  parameters, it mgy be Mect ive  to rely on the result qualifier 
alone. The following criteria have been employed to dif€crcn&c detects from non-detects, 
and arc suggested as guidefin# for thc dara: 

> If the rcsult-qualifier field comains a "u", the result is taken as a nondetect (i. e., 
censored data point). 

> Ifthe resultqualifier field is blank, the hsult is used as a.dctcctcdvalue, barring 
evidalcc to the coaaary. 

> If the result qualifier (for horganics) is "B" (indlratiae that the result was above the 
IDL but below tht CRDL), the result is taken to be a dctcctcd value (see Appeadix 
0. 

> Other characters also are found in the qualifier field, and, barrin,O any other evidence 
to the conrraxy, these arc generally accepted as detects. 

All data should be reviewed Jgaphically (non-detects and detects together) prior co L?e 
application of any statistical tests. This will help to illustrate any potential problems, s x h  
as high-value nondetecrs (e.,o., nondetect values reported as the value of the CRDL,. If 
questions arise, EG&G will-give guidance to the subcontraaor after jointly reviewins 3 e  
=gaphical presentations of the data. 



3.0 ISSUES REGARDING DATA CLEAiiT -- - - 
The s o - c a l l ~ d a m  cleanup" of RFEDS output is mostly a task to make the data consistent. 
This consists of a timeconsuming series of steps (which should be documented by the data 
user) including the - * 'on of units, srandardkarion of ,oeologc codes, 
-tion of locations if the location designacion has changed over time, 
nandardization of anaiyte names (usage has changed over the years), deletion of blank 
"form-geacrared" records for which no results arc given, exclusion of QC data (rinsates, 
e=.) from the w0-v data set, removal of any n j d  (val = 'R') data. rep1ac:rnenr of 
non-validated records with corresponding validatcd.rccords (if available), correction of 
inconrcr units (e.g., pH should have 'PH as tht unit, mt 'MG/L' as the unit), ueaunent 
of qc D U P W  pairs, appropriate use of DIL data, outlier analysis, ex. 

Upon receipt of REDS data, the user should venfy the field positions of all variables in 
the REDS ASCIX output N e .  After verification, the ASCII N e  may be aansfonned into 
data Nes for a specific sofewart (e.g., S A S ,  Lotus, Excel, SPSS, etc.) to be used in the data 
manipulation. It is recommended that the user create successive generations of the data fdes 

back-tracking is requihd for any reason. 
rather than just COntinuaUY updating tht ori,@al data Ne; this Simplifles data analysis if 

' 

r 

Successive generations of data mcs may proceed as follows (this is just a suggestion): 

(I) 
- - -  

original data €~IS created from RFEDs ASCI~ files; the~ files conrain theknrirt 
RFEDS data pull, including QC samples, rejemd dam, e=.' 

(2) Second generation of dara files, drop QC samples (except qc DUPs of DUP/REAL 
pairs), rejected data, blank foxxn-perxcd records, tanatively idemifkd compounds 
(TICS), etc. Create new variables, Using validated dara (when available) to 
supersede non-validared results, units, sualifiers, ami dcteuion limirs. Standardize 
units within each analytc suite. Note that in the old RFEDS oupt  foxmat 
(Appendix A) thcrt were variable fields entitled "Qualifier" (lab qualifier), 
"Validation" (the validation code), and "VQual" (the vaiidation qualiiicr). The 
vali&on qualifk ("VQual") should nrpmcde the lab qualifier ("Qualifier"). The 
validation code ("Validation") is a code, not a q u a .  

In the new W E D S  output format (Le., dam exnactal after February 21, 1994). the 
validation qualifier ("VQual") field is not present: rahr ,  the validated qualifier will 
automatically replace the lab qualifier ("Qualifier"). The validation code field 
("Validation") wilt still indicate whether the datum is acceptable (Validation = A, 
V, or JA), or rcjettcd (Validation = R), or other. 

Standardize location names if designations have changed over time (check cross- 
reference listings of well location names, ex.). Standardize ,aeologic codes. 
Standardize analp  names (e.,o. "PLUTONNM-239,240" = "PLUTONIUM- 
239/240", etc.). (NOTE: standardization of a n a l p  names and units should now be 
automatic in the new RFEDS data output). 

\ 

c 



3.1 

* 

- .  

* 

(3) From (l), crcate a separate file with QC dara for analysis of data quaiity. Check h e  
.p4RTC parameters (precision, accuracy, representativeness, completeness. and 
coq-kbilicy).  - 

(4) NOTE: The averaging of qc DUP/REAL pairs may be too time-consuming to 
perform, and will most likeiy resuit in insignificant changes to numericai values. 
The following suggested averaging of qc DUP/REAL pairs should be done at the 
anaiyst's discretioo. 

From (t), create a third generation of data fxles with averaged DUP/= pairs 
(change REAL value to the mean vaiw of the averaged DUP/REAL pair, rhen delete 
the DUP record). In the case of DUPs with no c o ~ ~ ~ ~ ~ o n d i n g  REAL record, change 
"DUP" to "REAL". (NOTE: Prior to averaging of DUFVREAL pairs, son the dam 
by LOCATION, SAMPLE NUMBER, SAMPLE DATE, and ANALYTE. This 
should bring together all existing DUP/REAL pairs). 

Treatment of D E  data requires the data analyst to find the anaiyte(s) that 
necessitated the dilution; thcse should have a qualifier of "E" (for utceedance). The 
DE rcsult(s) for the E-qualified analyte(s) should be used in the data analysis; other 
analyes may have muits reported for the DIL sample analysis, but these results 
should be deleted if these anaiyces in the original UILdilUted sample were NOT 
quaIified as "E". 

Outlier analysis, and exclusion of idcntifitd outliers from dara analysis, may not be a 
ailowable by the replatory agencies. That is, it is easy to argue that an extremely 
high value m backgmnd is probabiy an OUfjicT that can be exciudtd h m  dam 

outlier rather Than comamination. 

c - -  _ .  

analysis, but it is difficult to argue that anexacmtly high value in an ou is an 

The RFEDS has shown comirmntrn improvement in the gualiry of data conrained in the 
system. Newer data (1992-93) are generally "cieaacr" than historic @rc-1992) data. 
However, all data users need to be made awarc of potenrial pitfalls before applyins 
StatlStlcaI ocsts to the data. The steps iistcd in the previous paragraph give a general 
overview for the process of data clearmp. 

. .  

Summary and Recommendations 

All data users should carefully document the steps used in the process of data cleanup. If 
questions arise, review of this documentation should be able to provide the necessary 
informanon; otherwise contact your EG&G project manager for additional informixion. 

RFEDS and the Sample Management Group are cornmined to Cominuous Improvement; 
recent data (1992 to present) have fewer problems than historic data @re-1992). Issues of 
duplicate records, incorrect units, etc., are currently being addressed. 

The new RFEDS program for uploading data now runs automatic checks to ensure 

t 
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srandardizauon of units and ana lp  m e s .  checks to e m  that appropriate QC samples 
arc inciuded, and checks for complcreness of anai-vtc suitcs. 

c- 
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L o a c i o n  
Sample Number 
Projec, Nape 
Sslmple m e  
Sample QC Code 
Smple QC P L z e y  
S q l e  Date 

Lab .Batch I d  . 
Analysis Date 
T e s t  Croup Code 
R e t  Type 
Q d C l l  
w e t =  Code 
RUI N t t n b c  
Count Nuaber 

Lab S q l e  N u m b e r  
X e s u l t  Quclilier 
Result 
U n i t  Yeesrtce 
%==or 
Qualiiier 
Detecz =zmi= 
Valieazion 

as032 
Recsoc3 
XecsonC 
n e s c l t  
VC3ni= 
VQUcl  - 
VDezel, 
Vcli&c=lon Date 
Sequence i d  (RFZDS 

Laboratory 

Lab QA Code 

RMSO?L 

S r a R T I N G  
POSfTION 

. 

1 
17 
38 
54 
57 
62 
83 -. 
93 
99 * 

11s 
l2S - 
13 6 
140 
183 
19 3 
197 
201 
206 
2L7 
229 
23 0 
241 
2S2 

269 
272 
276 
280 
284 

299 
310 
316 
327 

258 

288 

. 
15 
20 
15 

2 
4 

20 
9 

. s  
15 

9 
10 
3 

4 0  
11 
3 
3 
4 

LO 
1 
10 
IO 
10 

5 
10 

2 
3 
3 
3 
3 
10 
10 

5 
10 
9 - 

i- - -  - 

10 ! 
.. . - - 



STAXTING 
POSITION 

1 
17 
38 
54 
s7 
62 
83 
93 
95 
115 
125 
13 6 
14 0 
28 1 
193 
197 
201 
206 
217 
219 
23 0 
243 
2s2 

263 
272 
275 
280 
284 
288 
298 
309 
3 13 
322 

2sa 

15 
20 
IS 
2 
4 
20 
9 
5 

11 
3 
3 
4 

i o  
I .  

10 
10 
10 

5 
10 
2 
3 
3 
3 
3 
9 

=O I 3 
a 

is 

J 

! 



J 

!dele? 

L 

N 

N 

N* 

R 

S 

' U  

JC 

UJ 

O U N  

UN 

ux 
V 

W 

X 

organics: M S  data indicate presence of Compound bur below 
d d o n  Limit ( a h a t &  value) 

inorgania: value greater than IDL but corn1 sample analysis 
not within c o r n 1  limits (estimated value) 

-- - c - 
organics: compound pnsumed prestnt (TIC) 

inorgania: spiked sample recovery a& duplicate analysis not 
within WnKol limitr (esrimatcd value) 

vatidation code for rejectcd data accidendly entered in lab 
mer field (unusable dam) 

organic9: pesticide rCSUlt confirmed but M o w  dctrrtinn limit 

organics: compolmd presumed present but below dnrnion limit 

irrorganics: spiked sample recovery not within W n w l  limits and 
sample result below dnraion limit 

inorganics: postdigestion spike for G F M  analysis is out of conaoi 
limits and sample result is below dadonl imit  

raiidation code for vaiid data a c c i d w y  entered into iabqualifier 
field 

inorganics: postdigestion spike for GFAA analysis is out of corn1  
limits while sample absorbance < 50% of spike absorbaaCe 

organics (pre-M): lab softwan flag (combines more than ouc 
qualifier. not de-). ** COMMENT: Do not include in analysis 
dess  accompanied by a validated d t .  ** 

ycs 

yes e 
I10 

no 

no 

. Yes 

i - - no 

no e 
no 

no 

no 

no 

no 

Y e s  

- .  yes .. ... 

I 



Y d s :  chemical yieid excecdcd -table limirs (esrimarrri valut) yes 

Note on the use of X qualifiers: X is defined in the GRIblSP as a d t  determined by calculation, not by dirm 
laboratory analysis. Therefore, for samples analyzed during thc period that &e GRRASP hy been in effect (since January 
1992), the fesulo qualified by an X wil l  be oeattd as esdrnated values (sirnilat to I). For historic data, when the 
GRRASP was not used by laboratories, an X qualifier has two dcfinitio~. For organics, thc X is a flag enured manulily 
by the laboratory, but is not defined in RFEDS. T"&rr, organic d t s  gualificd by X arc not considered usable daxa, 
unless a vaiidatcd result is given. For inorganicS, an X QuaIifict indicates that the dHraion h i t  for the d y t e  is higher 
cbau normal due to maoix intcrfcrencc. Inorganics qualificdwithanx wil l  b e d  likc a J result. The X qualifier 
is somctims also used with othcr qualifiers (i.e., UX, XJ); m these cases, the of X depends on the d y r e  and 
the date of the analysis. 
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APPROACH 

The statistical hypothesis tested is that the CDH radionuclides activity levels are equal 
to the RFf radionu&dcs activity levels. The CDH and EEP soil data are matched by 
sample location and therefore are treated as paired dam The null hypothesis is that 
the median of the population of paired difftrtncts is equal to zero. The aiternarive 
hypothesis is the median difference is not equal to zero. 

If the null hypothesis is not rejected (i.e. the median of the dSerences is not 
signi;ficantly different bom zero), then it is concluded that the median of the CDH 
data is not sisnificanty different from the median of the RFP data and the data are 
combined for further analysis. If the null hypothesis is rejected, then it is concluded 
that the CDH and RFP sampling result medians are statistically simcantly different. 

\ 

This memorandum documcms the staristical analysb that was performed to determine 
if the RFP OU 3 Colorado D e p m e n t  of Health (CDH) soil sample data are 
signikantly Merent &om the Rocky Flats Plant (RFP) soil sample dam The results 
indicated the two methods arc not si@cantly different and provide the basis for 
combining the data for funher adyms. CDH and RFP data were analyzed and 
compared for the following radionuclides: Americium-241, plutonium-239/240, 
Uranium 253/234, Uranium-235, and d u - 2 3 8 .  
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Two types of statistical comparisons for paired data were performed. The paired t- 
test is a parametric test that assumes the population of the differences in the pairs 
are noma@ disuiiutcd and compares the mean of the population of paired 
differences to zero. (In a n o d  dism3ution the mean is the same as the median.) 

Tbe Wilcoxon signed rank test is a nonparametric test that makes no probabiliry 
distribution assumptions about the data This test determines whether the median of 
the population of paired differences is equal to zero. ?he test is more efficient than 
the t-test for detecting differences in the two groups of data when the data are not 
normally dism%uted. The Wiicaxon siped rank'test is also appropriate for when the 
population of the paired diflerences in the data have heavy-tailed dismiutiom and 
contain outlien (Snedecor and Cochran, 1989). , 

SAS statistical software PROCEDURE W A R I A E  was executed on the 
differences of the CDH and RFP data paired by location. This SAS output (shown in 
the Appendik) gives results for the paired t-test and the Wilcoxon signed-rank test. - P 

Tht SAS output includes the mean and standard deviation of the differences for each 
comparison. These s~tistics arc used to calculate a T-statistic that is used with the 

.- degrees of keedom (equal to the number of paired dif€erenccs minus one) to -- detCrmine the probabiIity (hewn as the pvalue) of observing the sample results of 
the two data sets given the nuIl hypothesis that the mean of the differences is zero. 
The T-staw~,  =pie Size, a d  ~ & C S  (Pr> ITI) - .  ais0 Shorn in the SAS PROC 
UEn output 

In the Wilcoxon signed rank test the absolute values of the differences are ranked, 
the smallest differences being assigned rank 1. The ranks with the negative sips are 
totalled and the ranks with the positive sips are totalled The smaller of these totals 
is the Sgn Rank (S-szaMc) shown m the SAS output The comsponding p-value 
(pr> ISI)  is also shown. 

The comparison approach is the same whether using a paired t-test or the Wiicoxon 
signed rank test If the p-value is high (it- greater than or equal to 0.05 for 95% 
confidence), we do not reject the null hypothesis and condude there is no statistically 
Siwcan t  difference in the median of the two data sets. If the probability is low (Le, 
less than 0.05), we reject the null hypothesis and conclude there is a statistically 1 

Sisnificant difference in the medians of the nvo data sets. Statistically si-cant 
differences in the medians of the CDH and RFP soil radionuclide activity level data 
are qualitatively evaluated to determine if the magnitude of the difference is 
physically or scient5cally significant. .e 
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ANALY SXS/RESuLTS 

The SAS PROC UNl results for each radionuclide analyrtd are shown in the 
Appendix to this memorandum. The results are for CDH minus RFf values for each 
sample location. N is the number of paired differences or samule locations. The 
results of the paired t-tests and Wdcoxon signed rank test are shown in Table 1. The 
mean, standard deviation, N, and p-values are shown for each comparison. 

TABLE 1. SAS RESULTS OF CDH AN3 RFO PAIRED TESTS 

- -  

The t-test and Wilcaxon signed rzpk test results are consistent The mean difference 
is positive for all the radionuclides indica-3 the CDH values are on the average 
higher than the RFP values. However, the uranium-233/334 and uranium-38 CDH 
and RFP compazisons shaw the only statisucally si@cantly differences with 95% 
d d e n c e  (it, the p-values are less than 0.05). These two satistically simcant 
Merences were evaluated further. 

Summary statistics of uranium-233/234 and uranium-38 CDH and RFI) methods are 
shown in Table 2. The dif€erence in the means of the CDH and RFP method for 
&um-333/234 is 0.075 pcdg. The difEerence in the means of the means of the 
CDH and RFP methods for uranium438 methods is 0.077 pCVg. These differencs 
were determined to not be physically si@cant The other descriptive statistics for 
the CDH and RFP p u p s  for uranium-223/3-34 and uranium-228 were qualitarivei): 
considered to be similar. 



Based on the resuits of the paired statistical tests and a rtView of the descriptive 
statistics, it was determined to be appropriate to combine the CDH and RFP 
radionuclide soil sample data for further anaiysk The data are combined by 
averaging the CDH and RFP values at each so3 sample locauon. 

STATISTIC 

Sample size 

Mean (pc i ig)  

TABLE 2 DES- STATISTICS FOR-CDH AND RFP UR-2331234 AND 
UR-238 S O E  SAMPLE DATA 

UR-233/234 UR-233/234 UR-238cDH UR-238RFP 
CDH RFP 
60 60 60 60 

1.051 0.976 1.077 1.000 

SD @CW 

@W) 
Med ( p C i g )  

0.271 0.289 0292 0.263 

0.633 . 032 039 059 - c  - 

0.997 0.94 1.01 1 0.948 ,' a n- 1.889 239 2081 2182 I 
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INTRODUCTION 

In Section 5 of the Work Plan, data quality objectives (DQOs) were identified for the OU 3 RFVRI 0 
project This appendix discusses the results of the OU 3 data quality and usability evaluation with respect 
to the established DQOs. The precision, accuracy, representativeness, completeness, and comparability 
(PARCC) of the data set were evaluated separately to determine overall data quality and their usability 
toward intended purposes. The results of the PARCC analysis indicate that the DQOs were satisfied by 
the sampling and analysis effort conducted for OU 3. Therefore, the data are deemed usable, as qualified, 
for the intended purposes. In addition, a review of field sampling activities was conducted by 
International Technology Corporation (IT) on July 15,1992. Results of this review stated that Standard 
Operating Procedures (SOPS) were being implemented during the sampling effort. 

Pata Source and Data Qualifiers 

The Rocky Flats Environmental Data System (RFEDS) database for OU 3 was used in the PARCC 
analysis. The database contained independently validated data with qualifiers applied by the laboratory 
as well as independent data validators. Prior to performing the PARCC analysis, quality checks were 
performed on the database in terms of completeness, replicate records, consistency in chemical names, 
units and reported values, extent of independent validation, and consistency in validation qualifiers. 
After necessary modifications and corrections, the database was found to be acceptable for performing 
the PARCC analysis. 

For the benefit of the reader, the definitions of the laboratory and independent validation qualifiers found 
in R E D S  database are presented below. Before submitting the data, the laboratory determines the data 
quality and applies qualifiers as required by the method. After receipt, the data quality is independently 
checked by data validators. The laboratory data qualification often focuses on contractual.or method 
compliance requirements, while the independent data validation focuses more on data usability. For this 
primary reason, the criteria for data qualification are often different for the laboratory and the data 
validators. In any event, the independent data validation qualifiers supersede the laboratory qualifiers. 

Laboratory Data Qualifiers 

a 

The laboratory data qualifiers are primarily those specified in the Environmental Protection Agency 
@PA) Contract Laboratory Program (CLP) organic and inorganic method protocols, or adapted from the 
CLP protocols. Some differences exist between the laboratory qualifiers used for organic and inorganic 
data; therefore, the laboratory qualifiers for the two types of analyses are presented separately. 
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Medium 

BI 
BI 

GW 
GW 
GW 

PT 

SD 
SD 
SD 
SD 

ss 
sw 
sw 
sw 
sw 
sw 

UN 

. .  

Table G-1 
Validation Counts for Real Samples by Medium and Sample Analysis 

ac 
CQde 

Real 
Real 

Real 
Real 
Real 

Real 

Real 
Real 
Real ' 
Real 

Real 

Real 
Real 
Real 
Real 
Real 

Real 

Sample 
AnahrJis 

Metals 
Radioncfides 

Metals 
Radionucfides 
Water-Quali 

Radionuclides 

Metals 
Radionuclides 
VOAs 
Water-Quali 

Radionucfides 

Metals 
Radionuclides 
Tripesticides 
VOAs 
Water-Quality 

Radionuclides 

Total 
Records 

748 
1511 

928 
83 

128 

552 

640!5 
1937 
61 6 
241 

658 

2884 
718 
126 
340 
708 

15 
18,598 

Total 
Non-Val 
BERtda 

0 
22 

232 
18 
48 

3 

1 97 
82 
38 
79 

90 

219 
1 

22 
0 
56 

Q 
1,107 

Total 
Val 

Records 
748 

1489 

696 
65 
80 

549 

6208 
1855 
578 
162 

568 

2665 
71 7 
104 
340 
652 

15 
17,491 

Number 
Rejected 
Records 

17 
114 

9 
0 
0 

204 

302 
121 
227 
18 

31 

23 
100 

0 
10 
3 

Q 
1,179 

Number 
Valid 

Records 
731 

1 375 

687 
65 
80 

345 

5906 
1734 
351 
144 

537 

2642 
617 
104 
330 
649 

15 
16,312 

Usable 
Data 
eclint9 
97.73% 
92.46% 

99.03% 
100.00% 
100.W4J 

63.04% 

95.28% 
93.75% 
63.15% 
92.53% 

9529% 

9920% 
86.07% 

100.W4J 
97.06% 
99.58% 

u1psp 
93.2% 

G-2 
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Medium 

GW 
GW 
GW 
GW 
GW 
GW 
GW 
GW 
GW 

PT 
PT 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

ss 
ss 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

ac 
m 
DUP 
FB 

. RNS 
DUP 
FB 

RNS 
DUP 
FB 

RNS 

DUP 

DUP 
RNS 
DUP 
RNS 
DUP 
RNS 
DUP 
RNS 

DUP 

DUP 

RNS 

RNS 

FB 
MS 
RNS 
RNS 
BB 

FB 
LR 
MS 
RNS 
RNS 

FB 
MS 

RNS 
DUP 
RNS 
TB 
DUP 
FB 
MS 
RNS 

DUP 

DUP 

Validation Counts for QC Samples by Medium and Sample Analysis 

Sample 
Anahrsis 

Metals 
Metals 
Metals 
Radionuclides. 
Radionuclides 
Radionuclides 
Water-Quality 
Water-Qialiy 
Water-Quality 

Radionuclides 
Radionuclides 

Metals 
Metals 
Radionuclides 
Radionuclides 
VOAs 
VOAs 
Water-Qualii 
Water-Quality 

Radionculides 
Radionculides 

Metals 
Metals 
Metals 
Metals 
Pesticides 
Radionuclides 
Radionuclides 
Radionuclides 
Radionuclides 
Radionuclides 
Radionuclides 
SVOAS 
Tripesticides 
Tripest icides 
Tripesticides 
Tripest i d e s  
VOAs ' 

VOAs 
VOAs 
Water-Quality 
Water-Quali 
Water-Quali 
Water-Quali 

Total 
Records 

58 
58 
58 
5 
5 
5 
8 
8 
8 

53 
57 

421 
261 
114 
63 
69 
34 
15 
9 

79 
40 

754 
88 
58 

726 
216 

1 
207 
22 
16 
28 

203 
524 
32 
2 
2 

25 
1 37 
408 
68 

118 
13 
12 

m 
5,208 

I Total 
Non-Val 
Records 

0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
0 

1 
0 
0 
0 
1 
0 
1 
0 

25 
1 

54 
1 
0 

34 
27 
0 
0 
0 
0 
0 
0 
69 
4 
2 
0 
4 
1 

34 
0 

10 
0 
0 
Q 

Total 
Val 

Records 
58 
58 
58 
5 
5 
5 
8 
8 
8 

52 
57 

420 
261 
114 
63 
68 
34 
14 
9 

54 
39 

700 
87 
58 

692 
189 

1 
207 
22 
16 
28 

203 
455 
28 
0 
2 

21 
136 
374 
68 

108 
13 
12 

m 

Number 
Rejected 
Rerords 

1 
1 
0 
0 
0 
0 
0 
0 
0 

23 
28 

29 
4 

10 
2 

32 
1 
1 
0 

7 
0 

6 
1 
0 

16 
0 
0 

14 
5 

10 
0 

21 
3 
0 
0 
0 
0 
2 
2 
2 
1 
0 
0 
a 

Number 
Valid 

Records 
57 
57 
57 
5 
5 
5 
8 
8 
8 

29 
29 

391 
257 
104 
61 
36 
33 
13 
9 

47 
39 

694 
86 
58 

676 
189 

1 
193 
17 
6 

28 
182 
452 
28 
0 
0 

21 
134 
372 
66 

107 
13 
12 
uz 

Usable 
Data 
enints 
98.28% 
98.28% 
98.28% 

100.Wh 
100.Wh 
100.ooOh 
100.00% 
100.00% 
100.Wh 

56.60% 
50.88% 

93.11% 
98.47% 
91 23% 
96.83% 
53.62% 
97.06% 
93.33% 

100.00% 

91.14% 
100.00% 

99.20% 
98.86% 

100.00% 
97.80% 

100.00% 
100.00% 
93.24% 
77.27% 
37.50% 

100.00% 
89.66% 
99.43% 

100.00% 
100.00% 
100.00% 
100.00% 
98.54% 
99.51% 
97.06% 
99.1 5% 

100.00% 
100.00% 

9L5p 
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Table 6 3  
Rejected Data Reason Code Summary - Bma?&& 

392 57 
361 52 
326 78 
21 3 10 
168 59 
165 13 
161 4 
160 62 
146 32 
118 1 2 7  
95 70 
92 8 
90 18 
76 99 
44 85 
41 60 
38 61 
34 58 
31 30 
31 51 
29 41 
25 21 
21 36 
12 9 
7 2 
6 1 
6 77 
3 88 
1 53 

G-4 
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Table E4 
Validation Reason Code Descriptions - December 17,1993 

Yd 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

Holding times were exceeded 
Holding times were grossly exceeded 
Initial calibration correlation coefficient <0.995 
Calibration verification criteM were not met 
CRDL check sample recovery criteria were not met 
lncorred calibration of instrument 
A w e  values > IDL were found in the blanks 
Negative bias was indided in the blanks 
Interference indicate in the ICP lnterf Chk Sample 
Lab Control Sample recovery criteria were not met 
Duplicate sample precision criteria were not met 
Predigestion matrix spk criteria were not met (425%) 
Predigestion matrix spk criteriia were not met (40%) 
Postdigestion matrix spk m v  criteria were not met 
MSA was required but not performed 
MSA calibration correlation coefficient ~0.995 
Serial dilution criteria not met 
Documentation was not provided 
Calibration verification criteria was not met 
AA dup injection precision &ria were not met 
Reagent blanks exceeded MDA 
Tracer contamination 
lnproper aliquot size 
Sample aliquot not taken quantiiatiiely 
Primary standard has exceeded exp date 
No raw data submitted by the laboratory 
Recovery criteria were not met 
Duplicate analysis was not performed 
Verification criteria were not met 
Replicate precision aiteria were not met 
Replicate analysis was not performed 
Lab control samples > 4-3 sigma 
Lab control samples > 4-2 sigma and > 4-3 sigma 
Efficiency spectra shows drop 
tSlE criteria were not met 
MDA exceeded the RDL 
Sample exceeded efficiency cum weight limit 
Excessive solids on planchet 
Tune criteria not met 
Organics initial calibration criteria were 'not met 
organics ant. calibration criteria were not met 
Sunogates were outside criteria 
Internal standards outside criteria 
No mass spedra were provided 
Results were not confitmed 
GC/MS confitmation was not performed 
Percent breakdown exceeded 20 percent 
Linear range of instrument was exceeded 
Mehtod blank contamination 
Unknown carrier volume 
Nonverifiable lab resulls andlor unsubmitted data 
Transcription error 
Calculation error 

G-5 
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Table 6-4 (ontinued) 

Yal 

54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 

lncorred reported a W i  or MDA 
Result exceeds linear range, serial dilute val reported 
IDL changed due to significant figure discrepancy 
Percent solids < 30 percent 
Percent solids 4 0  percent 
Blank ad'@ exceeded RDL 
Blank recovery criteria were no met 
Replicate recovery criteria were not met 
LCS relative percent mr aiteria not met 
LCS apcted value not submittdlverifiable 
Nowlraceabldnon-certified standard was USB, 

Tracer/spike aliquot nowverifiable 
Canier aliquot nowverifiable 
Sample results not submittedherifiable 
Frequency of quaIity controls amples not met 
Samples not distilled 
Resolution aiteria no met 
Unit conversion of reusas 
Calibration counting Statistics not met 
IPA not performed 
LCS data not submitted 
Blank data not submitted 
Instrument gain andlor efficiency not submitted 
Detector efficiency criteria not met 
MDAs were calculated by reviewer 
Result obtained through dilution 
Spurious counts of unlolown origin 
Repeat count outside of 3 sgma counting error 
Samples results were not correded for decay 
Samples results were not included on Data Summary Table 
Key fields wrong 
Record added by QLI 
Results consid. qualitative not quantitative 
Lab did no analysis for this record 
Blank correded results 
Sample analysis was not requested 
Sample result was validated due to analysis 
See hardcopy for fulther analysis 
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boratorv-Assi allfiers-Oraanics a f” U - Indicates z: :pound was analyzed for but not detected. The minimum detection limit for 
the sample is reported with a U, after correcting for such parameters as concentration and dilution 
actions, and moisture content (as applicable). 

J - Indicates an estimated value. This qualifier is used either when estimating a concentration for 
tentatively idenwied compounds or when the data indicate the presence of a compound that meets 
identification criteria but the result is less than the specified detection limit. 

B - This qualifier is used when the analyte is found in the laboratory blank as well as in the sample. 
It indicates possible or probable laboratory blank contamination. 

C - This qualifier applies to pesticide results only. The “ C  qualifier indicates the presence of a 
particular compound has been confirmed by G W S  analysis. 

E - l’his qualifier applies to GUMS-only. The “ E  qualifier indicates that the concentration of the 
associated compound is above the upper calibration range of the instrument. 

9 D - ?his qualifier indicates that the reported value was obtained from a sample diluted to bring the 
concentration of compounds, exceeding the upper calibration range (see “E’ qualifier above), within 
the calibration range of the instrument. 

Laboratorv-Assianed Qualifiers-lnoraanics 

U - This qualifier indicates that the element was analyzed for but was not detected. The minimum @ 
detection limit for the sample is reported with the U, after correcting for such things as concentration 
and dilution ytion, and moisture content (as applicable). 

. E - ?his qualifier indicates that a value was estimated because of interference. 

N - This qualifier indicates that the spike sample recovery is not within control limits. 

B - This qualifier indicates a value less than the specified detection limit. 

W - Post-digestion spike for Furnace AA analysis is out of control limits. 

+ - Correlation coefficient for the MSA is less than 0.995. 

* - Indicates that the duplicate precision criteria were not met. 

The laboratory qualifiers are sometimes used in various combinations, as appropriate, to indicate more 
than one type of quality control problem. 
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LndeDendent Data Validation Qualifiers 

Because independent data validation is concerned with data usability, the same set of W i e r s  is applied 
to organic as well as inorganic data 'Ihe various reasons for laboratory quality control problems are 
reduced down to a single or a set of qualifiers indicating overall data validity and acceptability. The 
independent data validator-assigned qualifiers are described below. 

JndeDenden t Validator-assianed Qualifier s-lnoraani cs and Oraanl cs 

U - The material was analyzed for, but not detected. The associated numerical value is the estimated 
limit of quantitation for the sample. 

J - The associated numerical value is an estimated quantity because control criteria were not met or 
the reported value is below the specified detection limit, 

JA - Estimated, acceptable. 

R - Quality control indicates that the data are unusable (compound may or may not be present). 
Resampling and/or re-analysis is necessary for verification. 

QNQC Samples and Analvses 

Z - No analytical result (inorganic data only). 

Q - No analytical result (organic data only). 

N - Presumptive evidence of presence of material (tentative identification). 

A - Data are acceptable, with qualifications. 

V - Data are valid. 

VA - Data are valid and acceptable with qualifications. Indicates the sample was not validated. 

Field as well as laboratory QNQC samples were included in the sampling program to allow for 
determining the success of the field sampling as well as the laboratory analytical effort. Field QNQC 
samples were collected as specified in the Held Sampling Plan (FSP). Primarily, field duplicates, field 
blanks and equipment rinseates were collected for various sampling media at the frequency specified in 
the FSP. 'Pdble G-5 lists the types and number of field QNQC samples collected per sampling media 
and analytical suites. 

Laboratory QNQC consisted of instrument performance checks, and sample- and compound specific _ -  
analyses, as required in the analytical methods. The types of laboratory QNQC analyses are too 
numerous to list here, but generally consist of instrument tuning and performance checks, initial and 
continuing calibrations, independent standards, method and instrument blanks, matrix spikes, and 
duplicates. 
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Anahrsis 

Table E 5  
Types and Number of Field W Q C  Samples and Analytical Suites 

Field Replicates 

Metals 
Radionuclides 
Triazine Pesticides 
Volatile Organics 
Water Quality Parameters 

Anahrsis 
Metals 
Radionuclides 
Water Quality Parameters 

Groundwater 
ml DisadvedSediment 

1 1 27 
27 

4 
1 23 

Field Blanks 

Groundwater 

1 
1 
1 

Surface Water Surface Soils 
m D i s s o l v e d -  m 

6 8 
4 8 11 14 
7 
2 
8 

2 
2 
2 

Equipment Rinseates 

Analvsis sediment SurfaceSoilSurfaceWater Dmh 
Metals 6 7 20 
Radionudides 6 7 20 10 
Volatile Organics 6 7 20 
Water Quality Parameters 6 7 20 

.. . 

PARCC Fvaluation-Assessment of Data UsahUy 
.. 

To evaluate the usability and validity of the analytical data, the precision, accuracy, representativeness, 
completeness, and cornparabidity (PARCC) were evaluated. To ensure compliance with DQOs, protocols 
from Evaluation of ERh4 Data for Usability in Final Reports (1994) were followed. These procedures 
are based on requirements set forth in the Quality Assurance Project Plan Manual (EG&G, 1989), DOE 
Data Management Requirements (DOE, 1993c), and EPA Guidelines (EPA, 1987a). To comply with 
EG&G’s request, certain parameters were modified to reflect general acceptance guidelines. 

Precision 

Precision measures the reproducibility of measurements or degree of agreement among replicate or 
duplicate measurements of a parameter. Specifically, it is a quantitative measure of the variability of a 
group of measurements compared to their average value. The objective of calculating sampling and 
analytical precision is to demonstrate that reproducibility of measurements between similar samples is 
acceptable. Precision is usually stated in terms of standard deviation (SD) or relative standard deviation 
(RSD), if a statistically sufficient number (minimally 5 )  of replicate measurements are available. 
However, other estimates, such as relative percent difference (RPD), range, and relative range, are more 
appropriate if only a limited number of replicate measurements are available. 0 
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RPDs were used to assess the precision of the analytical data. The formula for RPD is 

RPD (8) = 100 * IC1-C2VCave 
where 

RPD = Relative percent difference 
Cave =Average of the replicate concentration measurements 
c1 = concentrationif a y t e  in the sample (REAL) 
C2 = Concentration of analyte in the duplicate (DIP) 

A replicate sample could be either a laboratory or a field replicate. A laboratory replicate generally 
indicates the analytical precision, while the field replicate encompasses the sampling as well as analytical 
precision. The data from the field original and duplicate samples provide a measure of the sampling 
precision and sample homogeneity (i.e., the amount of error in the data attributed to sampling technique, 
or to variability in the a y t e  concentration in the medium being sampled). The precision analysis 
presented below is based on field replicates, because they include field variability in addition to the 
analytical variability. To assess laboratory data quality, laboratory precision was evaluated during the 
data validation. 

The procedure for collection of field replicates is dependent on the medium being sampled. In 
groundwater and surface water sampling events, field replicates are collected following the real sample 
collection, and are collected using identical sampling techniques. Due to homogeneity of the aqueous 
sampling media, the aqueous replicate samples are true !‘duplicates.” For soiVsediment and other solid 
sampling media, it is necessary to obtain splits of the interval being sampled; with the sample and ‘ 

replicate being collected using the same technique. Due to heterogeneity of the solid media, the soil 
replicates are not considered “duplicates” in the true sense;rather, they are collocated samples. 

Because the solid media samples tend to be less homogeneous than water samples, the target RPDs for 
solid samples are generally set higher than those for water samples. The acceptable laboratory precision 
is a maximum of 20 RPD for water samples, and 35 RbD for soil samples. When accounting for 
sampling precision, the overall precision goals for OU 3 samples were set at 30 RPD for water and 40 
RPD for relatively homogenous soivsediment samples (see Section 10 of the Work Plan). The RPD 
criterion is not applicable to biological matrices and heterogeneous soivsediment samples. 

Because of a limited number of field replicate samples from a given location, the precision of the OU 3 
data set was evaluated in terms of RPD by comparing results from the real and duplicate samples. The 
following discussions will concentrate on RPDs as specified in Evaluation of ERM Data for Usability in 
Final Reporrs (EGBrG, 1994) and the Work Plan 

The FWD evaluation is valid only if the original and the replicate sample values are positive (detects). It 
is not uncommon for environmental samples to produce a positive result and a nondetect for the replicate 
pair. In order to perform a meaningful precision analysis, the RPDs were calculated considering only 
those results where both replicate values are positive. ’hble G-6 presents a summary of the minimum, 
maximum, and average RPDs by medium and analytical suites. The aggregate RPDs presented in Table 
G-6 were calculated from respective individual chemical RPDs presented in ’hble G-7. This method of 
aggregation is acceptable, because the RPD goals presented in the Work Plan are not chemical-specific 
(Le., all chemicals in a sampling media have the same RPD goal [30 percent for water samples or 40 
percent for soivsediment samples]). With respect to the historic RPDs from the CLP laboratories, the 
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aggregation of the individual chemical RPDs is inappropriate, because the historic RPDs are chemical- 
specific. m e  historic R P D ~  are not used in a direct fashion to determine data quality, rather they are used 
to supplement @e conclusions derived from comparison to the goals presented in the Work Plan. @ 
A close examination of nble  G-6 indicates that the overall, average RPDs for total and dissolved metals, 
water quality parameters, tripesticides and volatile organic analytes are acceptable for all sampling media 
(less than 30 or 40 RPD depending on the sample matrix). The maximum RPDs listed in Table G-2 
represent the highest observed RPD for any analyte in the sampling media. For example, the maximum 
RPD of 55 for total metals in groundwater corresponds to copper replicate analysis for location 49292. 
Values of 4.4 and 2.5 pg/L were observed for the duplicate pair. Both of these values are significantly 
below the lower reporting limit of 25 pg/L for copper; therefore, high RPD would have been expected. 
This does not indicate any discrepancies with sampling. Similarly, a maximum RPD of 142 for volatile 
organic analytes (VOAs) in sediments at location SED15392 is attributed to acetone. Acetone is a 
common laboratory contaminant that can be introduced into the analysis at variable levels from the 
laboratory environment. A meaningful RPD evaluation is not possible in such cases. While a 
measurement-by-measurement evaluation of the replicate data points is not practical, the examples 
indicated above indicate that many apparent RPD exceedances may be reasonably discounted. A general 
trend analysis is more appropriate than sample- or chemical-specific evaluations. 

Medium 

GW 
GW 
GW 
GW 
GW 

PT 

SD 
SD 
SD 
SD 

ss 

sw 
sw 
sw 
sw 
sw 

rn 
D 
T 
D 
T 
T 

T 

T 
T 
T 
T 

T 

D 
T 
D 
T 
T 

Analytical 
sui& 

Metals 
Metals 
Radioncutides 
Radionuclides 
Water-Qudiy 

Radionudides 

Metals 
Radionudides 
VOAS 
Water-Quality 

Radionuclides 

Metals 
Metals 
Radionuclides 
Radionuclides 
Water-Qudiy 

Table G-6 
RPDs by Medium and Analytical Suite 

Required 
RPD 
Yidu 

30 
30 
30 
30 

. 30 

40 

40 
40 
40 
40 

40 

30 
30 
30 
30 
30 

Number 
of 

11 
13 
3 . '  

2 
7 

27 

568 
163 

2 
10 

59 

83 
114 
12 
25 
53 

Number 
Within 

RPD 

11 
' 11- 

1 
0 
5 

14 

514 
117 

1 
10 

40 

59 
98 
7 
9 
48 

Minimum 
EeR 

.44 
0.00 
8.13 

62.90 
0.00 

3.97 

0.00 
0.00 
0.00 
.13 

0.00 

0.00 
0.00 
2.67 
5.92 
0.00 

Average 
EeR 

3.16 
12.08 
49.05 

322.74 
30.74 

45.82 

16.00 
35.79 
70.94 
1.23 

35.15 

27.38 
12.67 
40.92 
97.76 
9.70 

Maximum 
Bep 

9.40 
55.07 
96.39 

582.58 
133.33 

122.56 

13526 
159.79 
141.88 

3.83 

167.35 

166.20 
85.42 

142.86 
878.07 
88.46 
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In contrast to the analytical suite, the average RPDs for radionuclides exceed the RPD goal for practically 
all sampling media. For radionuclides, precision isbetter when only detected replicates pairs are 
evaluated. This is not surprising, because a majority of radionuclide concentrations are near the lower 
limit of detection (where the errors in measurement are relatively large and detect-nondetect observations 
or even negative observations are probable). The activities observed in most instances are at levels 
indistinguishable from the minimum detectable activity. In practicality, no real difference exists between 
the real result and the replicate result, although the calculated RPD is high. 

The RPD evaluation is most meaningful when both replicate values are detects, at concentrations 
significantly above the limit of detection. An examination of Table G-7 reveals that generally where 
high RPDs are calculated, the reported values are very low. This apparent disagreement between the 
replicate pairs does not imply that the sampling or analysis methods are faulty or inappropriate. It simply 
points to the limitation of applying the RPD-based evaluation to low-level concentrations. 

The average variation in results for soivsediment replicate samples is larger than that for aqueous 
samples, due primarily to the heterogeneity of the sampling media, but when there are substantial 
detections (significantly above the limit of detection), the replicate values agree well with the original 
sample results for all sampling media. 

Because the overall precision based on most of the analytical suites is acceptable, the sampling methods 
are deemed to be appropriate and properly implemented. The same sampling methods are used 
regardless of whether the samples are analyzed for water quality parameters or radionuclides. The 
apparent imprecision of the radionuclide data is not related to sampling, but to the inherent error of the 
measurement process. 

Accuracy 

Accuracy is a quantitative measure of data quality that refers to the degree of difference between 
measured or calculated values and the true value of a parameter. When referencing data quality, accuracy 
is a measure of how closely an analytical result corresponds to the”’true” concentration in a sample. The 
accuracy of data obtained in an investigation is a function of the sampling technique, potential for sample 
contamination, and analytical capabilities of the laboratory. Sources of error include the sampling 
process, field contamination, preservation, handling, sample matrix, sample preparation, and analysis 
techniques. Sampling accuracy may be assessed by evaluating the results of field/trip blanks, where as 
analytical accuracy may be assessed through the use of known and unknown QC samples and matrix 
spikes. Accuracy is evaluated by analysis of reference samples of known concentration, percent 
recoveries for spiked samples, and by review of blank data (i.e., field blanks, trip blanks), all of which 
may have an effect on measurement accuracy. These data were incorported into the OU 3 database. 

Measurement accuracy was evaluated quantitatively through percent recovery (8R) measurements 
obtained from the laboratory spiked samples. Field spikes were not performed for the OU 3 sampling 
events. 

The percent recoveries for spiked samples (MSMSD) were reviewed by the independent data validators 
(Quantalex) during the data validation process. Based on a preliminary review, the data were qualified 
appropriately. Along with the data validation qualifiers (V,A,R, etc.) the reason for assigning that 
qualifier was coded into the database. 
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The accuracy ( 8 R )  of the laboratory spike samples was determined using 

8 R  = 100 * (SSR-SR)/SA 

where 

SA =spikeadded 
SSR = spiked sample result 
SR = sample result 

Summary statistics are reported in terms of the absolute value of percent bias to better express variations 
around percent recovery (96 bias = 100-%R). 

W l e  G-8 presents the laboratory matrix spike recovery data from the RFEDS database. Note that the 
recovery data exist only for the surface water samples. Additionally, not all analytical suites were 
represented in the database. The metals, tripesticides, and water quality parameter spike recovery data 
for surface water were found in the database, but volatile organic analyte and radionuclide data were 
absent. The recovery data set is incomplete with respect to spike results because these results were 
unavailable from the laboratory. 

The spike recovery acceptance criterion for metals and water quality parameters is 75 to 125 percent of 
the true value (see Section 10 of the Work Plan). For organic analytical suites, the acceptance criteria are 
compound-specific, and generally range from 40 to 140 percent of the true value. Acceptance criteria for 
tripesticides were not explicitly defined in the Section 10 of the Work Plan, but for the purpose of 
PARCC evaluation, an acceptance range of 75 to 125 percent recovery was adopted. 

The percent recovery (8R)  for all test groups in surface water ranged from 85.0 to 94.3. Based on the 
observed matrix spike recoveries, the OU 3 data for respective test groups are deemed acceptable in 
terms of accuracy. 

e 

Because of very low or background level concentrations of the radionuclides in the test matrices, 
accuracy was difficult to evaluate for radionuclide analysis. At low concentration levels, the background 
activities and counting errors become magnified with respect to the sample values. This is evident from 
Table G-9, which summarizes the number of data records in which the error was greater than one-half 
the result. Up to 87 percent of the total records had errors greater than sample results (surface water for 
dissolved radionuclides). When low level, but truly positive, results were expected, such as in 
soiYsediments, there appears to be greater differentiation between the sample results and errors, because 
only 18 percent of the records had comparatively high errors in surface soils and 33 percent in 
sediments. 

PeDresentativeness 

Representativeness expresses the degree to which sample data accurately and precisely represents a 
characteristic of a population, parameter variations at a sampling point, or an environmental condition. 
The discussion of representativeness in this section is limited to an evaluation of whether analytical 
results for field samples are truly representative of environmental concentrations, or whether they may 
have been influenced by the introduction of contamination during collection and handling. 
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Representativeness is a qualitative parameter that is most concerned with the proper design of the 
sampling program. The representativeness criterion is best satisfied by making certain that sampling 
locations are selected properly and a d c i e n t  number of samples are collected. QC blanks are 
examined for external contamination, and nonconformance with approved sampling and analytical 
methodology is evaluated for its effects on representativeness. 

The field QC samples were validated with the same procedures as real field samples. Analytes identified 
as laboratory contaminants were qualified as such. A comparison was then made between the equipment 
rinseate data and field blank data. Table G-10 summarizes the detected values remaining after 
discounting laboratory contamination for the equipment rinseates, field blanks, and trip blanks. 

Table G-11 includes results greater than detection limits for field blanks, equipment rinseates, and trip 
blanks where the results are greater than the detection limit. Note that several common metals 
(aluminum, silicon, calcium, iron, magnesium, sodium, potassium) and water quality parameters are 
unavoidable in the water used as blanks or for rinsing equipment. These analytes may be detected at 
concentrations significantly above the detection limit, but this does not indicate a problem. For less 
common analytes, the concentrations are only marginally above the detection limits. 

An exception is noted for cadmium in a small number of rinseate blanks, where results significantly 
higher than the detection limits are observed (44 to 77 pg/L, compared to a detection limit of 5 pg/L). 
Cadmium is not a commonly occurring metal. 'Ihe reasons for cadmium's presence in the rinseate blank 
are not known, but the observations appear to be anomalous. The detections of lead and tin are generally 
attributed to laboratory analytical limitations. In the past 5 years, tin has been excluded from the CLP 
metals list due to historic problems with its analysis. Several radionuclides were also detected above the 
lower limit of detection. 

Practically all of the observations are at low concentrations and explainable by the reasons discussed 
earlier. No organic analytes were detected in the field QC samples. Table G-12 shows the overall 
detection frequency (all positive results above or below the detection limits) for all parameters analyzed 
in the field QC samples. Analytes appearing on Table G-12 but not on Table G-11 are those detected 
below the detection limits. 

It is concluded from Tables G-10, G-11, and G-12 that introduction of contamination during sampling, if 
any, is insignificant. In such an event, the sample data are considered unaffected by field conditions and 
sample handling procedures. 

Furthermore, a statistically-derived sampling program was designed by evaluating a large amount of 
historic data and current project objectives. The sampling and analytical needs were individually 
evaluated for each sampling media and area of concern Sampling locations and number of samples were 
determined from the historic contamination patterns or information. The sampling program was 

analyses were conducted using the prescribed analytical methods. In combination with the results of the 
field QC samples, the design and implementation of the sampfing program leads to a conclusion that the 
OU 3 sample data are representative of the field conditions. 

documented in the Field Sampling Plan (FSP) and Work Plan, and implemented as planned. Laboratory - - 
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ComDleteness 

’ Completeness is a measure of how much useable data were derived from the sampling program. For 
analytical data, completeness is expressed by the percent of data that was accepted during data 
validation. The completeness goal is essentially the same for all data use-to generate a sufficient 
amount of valid data. This objective is evaluated by computing the fraction of measurement data that 
remained valid after discarding any invalid data to physical, accuracy, or precision reasons. 

The target objective for completeness for OU 3 analytical data is 90 percent as stated in the Work Plan. 
Most data sets for OU 3 meet this objective, with the exception of total radiochemistry in groundwater 
and sediment, water quality parameters in groundwater and surface water, filtered radiochemistry in 
surface water, and pesticides in surface water. The percentage completed for these data is greater than 78 
percent. Although these data do not meet the target objective, they are expected to meet the goal of 90 
percent when the database is complete. Presently, the OU 3 data set consists of both validated and 
unvalidated data. The database was frozen as of / / to proceed with data analysis. 

The completeness of the database in terms of records present and validated compared to those expected 
or planned is summarized in ’Pdble G-1, by sampling media. For example, for the surface soil plots (SS), 
practically all records were validated, and validation resulted in rejection of approximately 5 percent of 
the data. Tmble G-2 contains validation counts for quality control samples (field blanks, duplicates, etc.) 
and analysis types (metals, radionuclides, etc.) W l e  G-3 provides a summary of rejected records and 
reasons for data rejection. The numerical codes for data rejection are defined in Table G-4. For 
example, 392 records were rejected for reason “57,” which is indicated as “Percent solids < 30 percent” 
in Table G-4. The completeness of database, as defined under PARCC, is discussed later. 

@ ComDarability 

Comparability expresses the extent to which data collected over a period of time and analyzed with 
different methods can be equivalent. It is a qualitative parameter expressing the confidence with which 
one data set can be compared with another. Sample data should be comparable with other measurement 
data for similar samples and sample conditions. 

As specified in the work plan, work performed at OU 3 followed approved sampling and analysis plans 
and Standard Operating Procedures (SOPS), used standardized analytical protocols, and reported data in 
consistent units of measurement. Comparability was achieved by following these protocols for inputting 
data into the OU 3 database. 

Tentativelv Identified ComDounds 

Three volatile organic chemicals in lake sediments in IHSS 202 were flagged as unknown tentatively 
identified compounds (TICS). A fourth volatile organic, trichlorotrifluoroethane, was detected in creek 
sediments in IHSS 202. This latter compound is a refrigerant and is ubiquitous in atmosphere and 
laboratory environment (due to leakage from refrigeration equipment). Details for these analytes are ’ 

shown in Table G-13. No TICS were identified for surface water samples. 

Conclusions 

The PARCC analysis presented in this appendix indicates that the overall data quality objectives were 
satisfied for the OU 3 samples. Although, occasional sample- and analyte-specific exceedances of the 0 
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objectives were noted, these exceedances were judged to be either random or related to analytical 
limitations (radionuclides) and not related to sampling. No project-wide systematic trends were noted 
that would affect the overall quality or usability of the data, or conclusions drawn Erom the data. Other 
than the data that were rejected and excluded from the database for independent data validation reasons, 
no additional data are proposed to be excluded !?om further consideration based on the PARCC analysis. 
The statistical impact of using or not using the questionable data is judged to be insignificant. 

’ 

G-16 

\ 



6/02/95 e Table 8 7  
Validation Counts for Real Sample6 

By Medium and Sample Analy8is 

PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 

SD 
SD 
SD 
SD 
SD 
SD 
SD 

RADIONUCLIDES TR02792 
RADIONUCLIDES TR02792 
RADIONUCLIDES TR02792 
RADIONUCLIDES TR02792 
RADIONUCLIDES TR02792 
RADIONUCLIDES TR02892 
RADIONUCLIDES TR02892 
RADIONUCLIDES TR02892 
RADIONUCLIDES TR02892 
RADIONUCLIDES TR02992 
RADIONUCLIDES TR03092 
RADIONUCLIDES TR03092 
RADIONUCLIDES TR03092 
RADIONUCLIDES TR03092 
RADIONUCLIDES TR03092 
RADIONUCLIDES TR03492 
RADIONUCLIDES TR03492 
RADIONUCLIDES TR03592 
RADIONUCLIDES TR03592 
RADIONUCLIDES TR03592 
RADIONUCLIDES TR03592 
RADIONUCLIDES TR03692 
RADIONUCLIDES TR03692 
RADIONUCLIDES TR03692 
RADIONUCLIDES TR03692 
RADIONUCLIDES TR03692 
RADIONUCLIDES TR03792 

METALS SED0029 2 
METALS SED00292 
METALS SED00292 
METALS SED00292 
METALS SED00292 
METALS SED00292 
METALS SED00292 

T/D - - -  
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

T 
T 
T 
T 
T 
T 
T 

Duplicate Real 
Chemical Name Sample Nun Sample Num 

AMERICIUM-241 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM-235 
URANIUM- 23 8 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM- 235 
URANIUM-238 
PLUTONIUM-239/240 
AMERICIUM- 241 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM-235 
URANIUM-238 
AMERICIUM-241 
PLVrONIUM-239/240 
PLUTONIUM- 2 39 /24 0 
URANIUM-233/234 
URANIUM- 235 
URANIUM- 238 
AMERICIUM- 241 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM-235 
URANIUM-238 
PLUTONIUM-239/240 

ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CALCIUM 
COBALT 
COPPER 

TR02 00 6CH 
TRO 2 0 0 6CH 
TR02 00 6CH 
TR02 0 06CH 
TRO 2 0 0 6CH 
TR02 02 5CH 
TR02 025CH 
TR02 02 5CH 
TR02 0 2 5CH 
TR02 04 4CH 
TR02 0 63CH 
TR02063CH 
TR02063CH 
TR02 063CH 
TR02 0 63CH 
TR02 139CH 
TR02 13 9CH 
TR02 15 8CH 
TR02 15 8CH 
TR0215 8CH 
TR02158CH 
TRO 2 17 7CH 
TRO 2 17 7 CH 
TR02 17 7CH 
TR02 177CH 
TR02 17 7CH 
TR02 19 6CH 

TR02 0 0 8CH 
TR02 0 OBCH 
TR02 0 0 8CH 
TR02 0 08CH 
TR02 0 0 8 CH 
TR02 0 2 7 CH 
TR02 02 7CH 
TR02027CH 
TRO 2 0 2 7CH 
TRO 2 0 4 6CH 
TR02 0 65CH 
TRO 2 0 65CH 
TRO 2 0 65CH 
TRO 2 0 65CH 
TRO 2 0 65CH 
TR02141CH 
TR02 14 1CH 
TR02160CH 
TR02 160CH 
TR02160CH 
TR02 160CH 
TR02 179CH 
TRO 2 179CH 
TRO 2 179 CH 
TR02 179CH 
TR02 179CH 
TRO 2 19 8CH 

Real DUP 
Unite Result Result RPD 

PCI/O 
PCI/O 
PCI /a 
PCI /a 
PCI /a 
PCI /a 
PCI/O 

PCI/G 
PCI /a 
PCI /a 

PCI/O 

PCI /a 
PCI/O 
PCI /a 
PCI/G 
PCI/O 

PCI/O 
PCI/G 
PCI/Q 
PCI/B 
PCI /a 
PCI /a 

PCI / Q  

PCI /a 

PCI /a 

PCI/G 
PCI /G 

SW80206WCU3 SD00383WCU3 W / K O  
SW80206WCU3 SD00383WCU3 MG/Ka 
SW80206WCU3 SD00383WCU3 MQ/KG 
SW80206WCU3 SD00383WCU3 MG/KQ 
SW80206WCU3 SD00383WCU3 M/KQ 
SW80206WCU3 SD00383WCU3 m/Ka 
SW80206WCU3 SD00383WCU3 m/KO 

,272 
1.412 
1.283 
.093 

1.476 
.279 
* 735 
.031 
.658 
.521 
-079 
.439 
.go9 
.075 
.a01 
-144 

1.593 
.280 

1.280 
.022 

1.190 
.128 
.596 

1.528 
.085 

1.654 
.163 

7520.000 
3.700 
97.100 

.990 
5310.000 
15.700 
17.800 

.129 

.790 
1.233 
.037 

1.292 
.547 
.494 
.018 
.475 

2.170 
.lo2 
.600 
.770 
-243 
.318 
.119 
.413 
.447 

1.230 
.039 

1.010 
.166 
.951 

1.642 
-105 

1.455 
.091 

7590.000 
3 - 0 0 0  
88.100 

.630 
4840.000 

6.600 
15.700 

71.764 
56.534 
3 -974 
85.814 
13.294 
64.894 
39.224 
53.064 
32.304 
122.564 
24.454 
31.034 
16.644 
105.604 
86.43% 
18.914 
117.634 
45.944 
3.984 
57.104 
16.364 
25.924 
45.944 
7.194 
21.294 
12.80% 
56.49% 

.934 
20.904 
9.724 
44.444 
9.264 
81.614 
12.544 
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6/02/95 Table 0-7 
Validation Counte for Real Samples 

By Medium and Sample Analyeie 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
MKTALS 
METALS 
METALS 
MFTALS 
MEDTALS 
ME:TALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
ME'TALS 
METALS 

SED00292 
SED00292 
SED002 92 
SED00292 
SED00292 
SEDO 029 2 
SED00292 
SED00292 
SEDO 02 9 2 
SED002 9 2 
SED00292 
SED00292 
SED002 9 2 
SED002 9 2 
SED00292 
SED00892 
SED00892 
SEDO 0 89 2 
SED00892 
SBDOO 8 9 2 
SED00892 
SED00892 
SED00892 
SED00892 
SEDO 0 8 9 2 
SED0089 2 
SED00892 
SEDO 0 8 9 2 
SED00892 
SED0089 2 
SED00 892 
SED0089 2 
SBDOO 892 
SED00892 
SED00892 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

J 

IRON 
LEAD 
LITHIUM 
MAQNBSIUM 
MANGANESE 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILICON 
SILVER 
SODIUM 
STRONTIUM 
VANADIUM 
ZINC 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM ' 

COBALT 
COPPER 
I RON 
LEAD 
LITHIUM 
MAGNESIUM 
MANQANESE 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILICON 
SILVER 

SW80206WCU3 SDOO383WCU3 MQ/KQ 
SW80206WCU3 SD00383WCU3 m / K Q  
SW80206WCU3 SD00383WCU3 MQ/KQ 
SW80206WCU3 SD00383WCU3 MQ/KQ 
SW80206WCU3 SD00383WCU3 MQ/KQ 
SW80206WCU3 SD00383WCU3 MQ/KQ 
SW80206WCU3 SD00383WCU3 MQ/KQ 
SW80206WCU3 SD00383WCU3 W / K Q  
SW80206WCU3 SD00383WCU3 MQ/KQ 
SW80206WCU3 SD00383WCU3 MQ/KQ 
SW80206WCU3 SD00383WCU3 MQ/KQ 
SW80206WCU3 SD00383WCU3 MQ/KQ 
SW80206WCU3 SD00383WCU3 MQ/KQ 
SW80206WCU3 SDOO383WCU3 MQ/KQ 
SW80206WCU3 SDOO383WCU3 MQ/KQ 
SW80204WCU3 SD00381WCU3 m / K Q  
SW80204WCU3 SD00381WCU3 MQ/KQ 
SW80204WCU3 SD00381WCU3 MQ/KQ 
SW80204WCU3 SD00381WCU3 MQ/KQ 
SW80204WCU3 SD00381WCU3 MQ/KQ 
SW80204WCU3 SD00381WCU3 m / K Q  
SW80204WCU3 SD00381WCU3 MQ/KQ 
SW80204WCU3 SD00381WCU3 MQ/KQ 
SW80204WCU3 SD00381WCU3 MQ/KQ 
SW80204WCU3 SD00381WCU3 m/KQ 
SW80204WCU3 SD00381WCU3 MQ/KQ 
SW80204WCU3 SD00381WCU3 MQ/KQ 
SW80204WCU3 SD00381WCU3 MQ/KQ 
SW80204WCU3 SD00381WCU3 MQ/KQ 
SW80204WCU3 SD00381WCU3 MQ/KQ 
SW80204WCU3 SD00381WCU3 MQ/KG 
SW80204WCU3 SD00381WCU3 MQ/KQ 
SW80204WCU3 SD00381WCU3 m / K Q  
SW80204WCU3 SD00381WCU3 MQ/KQ 
SW80704WCU3 SD00381WCU3 m/KQ 

! 
38600.000 

12.000 

2260.000 
452.000 
13. h00 
28.700 

.580 
412.000 
3.500 

634.000 
47.900 
2s. 200 
78.400 

8410.000 
9.400 
6.200 

119.000 
.940 

18300.000 

11.300 
18.500 

29500.000 
15.000 
6.000 

2340.000 
453.000 
10.600 
27.600 
665.000 

.750 
157.000 
1.800 

5 . 7 0 0  

1090.000 

2.700 

11100.000 
14.800 
6.000 

2020.000 
184.000 
3.600 
11.300 

1160 .OOO 
.720 

159.000 
1.700 

619.000 
43.400 
18.000 
62.500 

11800.000 
8.400 
6.200 

128.000 
1 .ooo 

18900 .ooo 
8.500 
12.800 
15.500 

19100.000 
17.700 

8 .ooo 
2590.000 
336.000 
7.000 
19.000 
814.000 

.550 
228.000 

' 1.500 

110.66% 
20.90% 
5.13% 
11.21% 
84.28% 
114.29% 
87.00% 
6.22% 

21.54% 
88.62% 
69.23% 
2.39% 
9.86% 
33.33% 
22.57% 
33.55% 
11.24% 

0 . 0 0 %  
7.29% 
6.19% 
3.23% 

103.57% 
12.458 

42.80% 
. 16.51% 
28 -57% 
10.14% 
29.66% 
40.91% 
36.91% 
20.15% 
30.77% 
36.88% 

17.65% , 



6/02/95 a Table 8 7  
Validation Counte for Real Samplee 
By M e d i u m  and Sample Analyeie 

Sample Location Duplicate Real Real. DUP 
RPD Sample Num Sample Num Unite Reeult Reeult Medium Analysis Code T/D Chemical Name 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

SED00 89 2 
SED00892 
SED00892 
SED0089 2 
SED0139 2 
SED01392 
SEDOl 39 2 
SED01392 
SEDOl 39 2 
SED01 3 92 
SED0139 2 
SEDOl 392 
SED01392 
SEDOl 392 
SED013 9 2 
SEDO 13 92 
SEDO 13 9 2 
SEDOl 39 2 
SEDO 13 9 2 
SED0139 2 
SEDO 13 9 2 
SED0139 2 
SEDO 13 9 2 
SED01392 
SEDOl 79 2 
SEDOl 79 2 
SED01792 
SED01792 
SED01792 
SED01792 
SED01792 
SEDOl 792 
SED01792 
SED01792 
SEDO 179 2 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

SODIUM 
STRONTIUM 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
BBRYLLIUM 
CALCIUM 
CESIUM 
COBALT 
COPPER 
I RON 
LEAD 
LITHIUM 
MAGNESIUM 
MFUWANESB 
NICKEL 
POTASSIUM 
SODIUM 
STRONTIUM 
THALLIUM 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
BRRIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 

SW80204WCU3 SD00381WCU3 m / K Q  
SW80204WCU3 SD00381WCU3 MQ/KQ 
SW80204WCU3 SD00381WCU3 MO/KQ 
SW80204WCU3 SD00381WCU3 MQ/KQ 
SW80226WCU3 SD00391WC03 MG/KG 
SW80226WCU3 SD00391WCU3 W / K Q  
SW80226WCU3 SD00391WCU3 MQ/K(J 
SW80226WCU3 SD00391WCU3 MG/KQ 
SW80226WCU3 SD00391WCU3 MQ/KQ 
SW80226WCU3 SD00391WCU3 MO/KQ 
SW80226WCU3 SD00391WCU3 MG/KQ 
SW80226WCU3 SD00391WCU3 MG/KQ 
SW80226WCU3 SD00391WCU3 MQ/KQ 
SW80226WCU3 SD00391WCU3 MQ/KQ 
SW80226WCU3 SD00391WCU3 MQ/KQ 
SW80226WCU3 SD00391WCU3 MG/KQ 
SW80226WCU3 SD00391WCU3 MQ/KQ 
SW80226WCU3 SD00391WCU3 MQ/KO 
SW80226WCU3 SD00391WCU3 MQ/KQ 
SW80226WCU3 SD00391WCU3 W / K Q  
SW80226WCU3 SD00391WCU3 M / K Q  
SW80226WCU3 SD00391WCU3 MQ/KQ 
SW80226WCU3 SD00391WCU3 MQ/KQ 
SW80226WCU3 SD00391WCU3 m / K Q  
SW80241WCU3 SD00393WCU3 MQ/KQ 
SW80241WCU3 SD00393WCU3 m / K Q  
SW80241WCU3 SDOO393WCU3 MG/KQ 
SW80241WCU3 SD00393WCU3 MG/KQ 
SW80241WCU3 SD00393WCU3 MQ/KQ 
SW80241WCU3 SD00393WCU3 MQ/KQ 
SW80241WCU3 SD00393WCU3 M/KQ 
SW80241WCU3 SD00393WCU3 MQ/KQ 
SW80241WCU3 SD00393WCU3 m / K Q  
SW80241WCU3 SD00393WCU3 M / K Q  
SW80241WCU3 SDOO393WCU3 MQ/KQ 

395.000 
91.300 
35.700 
104.000 

10600.000 

84.300 
.410 

6480.000 
a .  000 
7.500 

15200.bOO 
16.300 
7.200 

2510.000 
334.000 
15.000 

193.000 
35.800 

.250 
33.100 
50.300 

8990.000 
2.200 

112.000 
-630 

17200.000 
11.100 
4.600 
17.400 

15100.000 
19.900 
10.000 

5 .  i o 0  

9 . i o 0  

1210.000 

420.000 
97.600 
34.500 
65.600 

7630.000 
6.300 
77.500 

.550 
5410.000 

3.100 
11.400 
12.400 

41100.000 
26.900 

2060.000 
492.000 
12.800 

1110.000 
182.000 
32.100 

-280 
68.500 
96.300 

9840.000 
3.200 

111.000 
1.300 

17700.000 
12.200 
7.000 
21.700 

34400.000 
19.700 
9.700 

5 :700 

6.13% 
6.67% 
3.42% 
45.28% 
32 -58% 
21.05% 
8.41% 
29.17% 
18.00% 
43.14% 
41.27% 
24.43% 
92.01% 
49 -07% - 
23 -26% 
19.69% 
38.26% 
15.83% 
8.62% 
5.87% ’ 

10.90% 
11.32% 
69.694 
62.76% 
9.03% 
37.04% 

.90% 
69.43% 
2.87% 
9.44% 
41.38% 
21.99% 
77.98% 
1.01% 
3.05% 
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Sample 
1 Medium Analyeis 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

I 

METALS 
MISTALS 
METALS 
MXTALS 
MEtTALS 
METALS 
METALS 
MRTALS 
MEITALS 
MEITALS 
ME:TALS 
METALS 
MJ3TALS 
ME:TALS 
MEITALS 
METALS 
METALS 
MBTALS 
MeTALS 
METALS 
METALS 
mTALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

METALS 
METALS 

mrms 

r a m u s  

Locat ion 
Code T/D 

SED01792 
SEDO 17 9 2 
SED01792 
SED0179 2 
SED01792 
SEDO 179 2 
SED01792 
SED01792 
SED01792 
SED01792 
SED01792 
SED02092 
SED02 092 
SED02092 
SED02092 
SED02 09 2 
SED02092 
SED02 09 2 
SED02092 
SED02 09 2 
SED02092 
SED02092 
SED02092 
SED02092 
SED02092 
SED02092 
SED02 092 
SED02092 
SED02092 
SED02092 
SED02092 
SED02092 
SED02092 
SED02 0 9 2 
SED0209 2 

I 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

- -  e 

Table  0-7 
V a l i d a t i o n  Count6 for Real Sample6 

By Medium and Sample R n a l y e i e  

MAGNESIUM 
MANQANBSB 
NICKEL 
POTASSIUM 
SELENIUM 
SILICON 
SILVER 
SODIUM 
STRONTIUM 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
ARSENIC 
BARIUM 
BARIUM 
BERYLLIUM 
BERYLLIUM 
CADMIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
CHROMIUM 
COBALT 
COBALT 
COPPER 
COPPER 
IRON 
IRON 
LEAD 
LITHIUM 
LITHIUM 
MAGNESIUM 
MAGNESIUM 
MANGANESE 

SW80241WCU3 SD00393WCU3 MQ/KQ 
SW80241WCU3 SD00393WCU3 -/KO 
SW80241WCU3 SDOO393WCU3 MQ/KQ 
SW80241WCU3 SD00393WCU3 MQ/KQ 
SW80241WCU3 SD00393WCU3 MQ/KQ 
SW80241WCU3 SD00393WCU3 MQ/KQ 
SW80241WCU3 SD00393WCU3 MQ/KQ 
SW80241WCU3 SD00393WCU3 m/KQ 
SW80241WCU3 SD00393WCU3 MQ/KQ 
SW80241WCU3 SD00393WCU3 m/KQ 
SW80241WCU3 SD00393WCU3 MQ/KQ 
SD06003CH SD06002CH MQ/KQ 
SW80243WCU3 SD00454WCU3 MQ/KQ 
SD06003CH SD06002CH MQ/KQ 
SW80243WCU3 SD00454WCU3 MO/KQ 
SD06003CH SD06002CH m/KQ 
SW80243WCU3 SD00454WCU3 MQ/KQ 
SD06003CH SD06002CH MQ/KQ 
SW80243WCU3 SD00454WCU3 MQ/KQ 
SD06003CH SD06002CH MQ/KO 
SD06003CH SD06002CH MQ/KQ 
SW80243WCU3 SD00454WCU3 MQ/KQ 
SD06003CH SD06002CH MQ/KQ 
SW80243WCU3 SD00454WCU3 MQ/KQ 
SD06003CH SD06002CH MQ/KQ 
SW80243WCU3 SD00454WCU3 MQ/KCI 
SD06003CH SD06002CH MQ/KQ 
SW80243WCU3 SD00454WCU3 MQ/KO 
SD06003CH SD06002CH MQ/KQ 
SD06003CH SD06002CH MQ/KQ 
SW80243WCU3 SD00454WCU3 MQ/KQ 
SD06003CH SD06002CH m/KQ 
SW80243WCU3 SD00454WCU3 MQ/KQ 
SD06003CH SD06002CH m/KO 
SW80343WCU3 SD00454WCU3 MQ/KO 

0 

3120.000 

8.600 
2140.000 

2.000 
3290.000 

1.100 
1610.000 
93.800 
26.900 
71.200 

5000.000 
4.600 
6.300 

135.000 
134.000 

.390 
3.500 
2.100 

4.400 
6.900 
8 . 8 0 0  
8.600 
37.300 
52. J O O  

16800.000 
12000.000 

66.800 
2. i o 0  
5.800 

1070 .OOO 
2090.000 
2710 -000  

195.000 

.220 

2220.000 

.. : 

3360.000 
821.000 
15.400 

2320.000 
2.000 

2790.000 
1.500 

1590.000 
101.000 
39.000 
78.600 

4840.000 
6.200 
7.800 

122.000 
122.000 

.520 

.400 
2.600 
2.000 

2240.000 
4.300 
9.000 
8.000 
8.600 
31.600 
46.800 

12700.000 
11900.000 

89.500 
3.500 
5.800 

941.000 
1990.000 
2500.000 

I 

7.41% 
123.23% 
56 .'67% 
8.07% 
0 . 0 0 %  
16.45% 
30.778 
1.25% 
7.398 
36.72% 
9.88% 
3.25% 
29.638 
21.28% 
10.12% 
9.38% 
81.088 
2.53% 
29.51% 
4.88% 
.got 

2.30% 
26.42% 
9.52% 
0.00% 
16.55% 

, 11.10% 
27.80% 

.84% 
29.05% 
25.81% 

0 .00% 
12.83% 
4 .90% 

ii"' 
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Table (3-7 

Validation Counts for Real Samples 
By Medium and Sample Analysis 

Sample Locat ion Dupl ica t e Real Real * DUP i Yedim Analysis Code T/D Chemical Name Sample Num Sample Num Units Result Reeult RPD 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
MBTALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

SED02092 
SED02092 
SED02092 
SED02092 
SED02092 
SED02092 
SED02092 
SED0 2 0 9 2 
SED02 09 2 
SED02092 
SED02092 
SED02092 
SED02092 
SED02092 
SED02 09 2 
SED03 69 2 
SED03692 
SED03692 
SED03692 
SED03 692 
SED03 6 9 2 
SED03 692 
SED03692 
SED03692 
SED03692 
SED03692 
SED03692 
SED03692 
SED03692 
SED03692 
SED03 692 
SED03692 
SED03692 
SED03692 
SED03 69 2 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

MANGANESE 
MERCURY 
MOLYBDENUM 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SILVER 
SILVER 
SODIUM 
STRONTIUM 
STRONTIUM 
VANADIUM 
VANADIUM 
ZINC 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SILICON 
SODIUM 
STRONTIUM , 

VANADIUM 

I 

SD06003CH SD06002CH MQ/KQ 
SD06003CH SD06002CH MQ/KQ 
SW80243WCU3 SD00454WCU3 MQ/KQ 
SD06003CH SD06002CH MQ/KQ 
SD06003CH SD06002CH MQ/KQ 
SD06003CH SD06002CH MQ/KQ 
SW80243WCU3 SD00454WCU3 MQ/KQ 
SD06003CH SD06002CH MQ/KQ 
SD06003CH SD06002CH MQ/KQ 
SW80243WCU3 SD00454WCU3 MQ/KQ 
SD06003CH SD06002CH MQ/KQ 
SW80243WCU3 SD00454WCU3 MG/KQ 
SD06003CH SD06002CH MQ/KQ 
SW80243WCU3 SD00454WCU3 MQ/KQ 
SD06003CH SD06002CH MQ/KQ 
SW80212WCU3 SD00360WCU3 MQ/KQ 
SW80212WCU3 SD00360WCU3 MQ/KQ 
SW80212WCU3 SD00360WCU3 m/KQ 
SW80212WCU3 SD00360WCU3 MQ/KQ 
SW80212WCU3 SD00360WCU3 m/KQ 
SW80212WCU3 SD00360WCU3 MQ/KQ 
SW80212WCU3 SD00360WCU3 MQ/KQ 
SW80212WCU3 SD00360WCU3 MQ/KQ 
SW80212WCU3 SD00360WCU3 MQ/KQ 
SW80212WCU3 SD00360WCU3 MQ/KQ 
SW80212WCU3 SD00360WCU3 MQ/KQ 
SW80212WCU3 SD00360WCU3 MQ/KQ 
SW80212WCU3 SD00360WCU3 m/KQ 
SW80212WCU3 SD00360WCU3 m/KQ 
SW80212WCU3 SD00360WCU3 MQ/KQ 
SW80212WCU3 SD00360WCU3 M / K Q  
SW80212WCU3 SD00360WCU3 m/KQ 
SW80212WCU3 SD00360WCU3 MQ/KQ 
SW80212WCU3 SD00360WCU3 MQ/KQ 
SW80212WCU3 SD00360WCU3 m/KQ 

2340.600 

6.700 
.3.600 
15 - 5 0 0  

1330.000 
1.100 
a .  100 

102.600 
35.200 
35 A00 
25 .lo0 
16 -200 
685.000 
739.600 
4380.000 

2.600 
72.200 

.320 
9320.000 

3.300 
4.700 
8.800 

7770.000 
10.300 
4.200 

1480 - 0 0 0  
168.000 
3.700 
7.300 

794 .OOO 
178.000 
509.000 
39.600 
11.200 

. l o o  

~ 

2250.000 
.080 

5.000 
2.800 
14.300 

1260.000 
.710 

1.700 
112.000 
31.200 
30.700 
19.400 
16.400 
640.000 
723.000 
3750.000 

2.400 
67.500 

.210 
8790.000 

2.900 
4.400 
17.900 

7430.000 
10.000 
3.700 

1360.000 
160.000 

3 .goo 
6.500 

732.000 
200.000 
505.000 
36.800 
10.600 

I 

3.92% 
22.22% 
29.06) 
25.00% 
8.05% 
5.41% 
43.09% 
21.05% 
9.35% 
12.05% 
14.22% 
25-62) 
1.23% 
6.793 
2.19% 
15.50% 

8 .  00% 
6.73% 

41.51% 
5.85% 
12.90% 
6.59% 
68.16% 
4.47% 
2.96% 
12.66% 

8.45# 
4 .88# 
5.26% 
11.59% 
8.13% 
11.64% 

.79% 
7.33% 
5.50% 

. I, 
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I 
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Table (3-7 
Validation Counts for Real Samples 
By Medium and Sample Analyeis 

Sample Location Duplicate Real Real DUP 
Sedium Rnalysie Code T/D Chemical Name Sample Num Sample Num Units Result Result RPD 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

MKTALS 
MXTALS 
mTALS 
METALS 
METALS 
MKTALS 
MKTALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
MMTALS 
MXTALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
MMTALS 
METALS 
MJ3TALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

SED03 692 
SED03992 
SED03992 
SEDO 3 9 9 2 
SED03992 
SEDO 3 9 9 2 
SED03992 
SED03992 
SED03992 
SED03992 
SED03 99 2 
SED03992 
SED03992 
SED03992 
SED03992 
SED03992 
SED03992 
SED03992 
SED044 92 
SED04492 
SED04 4 9 2 
SED04492 
SED04492 
SED04492 
SED04 4 92 
SED04492 
SED04492 
SED04492 
SED04492 
SED04492 
SED044 9 2 
SED04492 
SED04492 
SED04 4 92 
SED04 4 9 2 

I 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
CALCIUM 
COBALT 
COPPER 
I RON 
LEAD 
MAGNESIUM 
M A N W S B  
MOLYBDENUM 
POTASSIUM 
SILICON 
SODIUM 
STRONTIUM 
VANADIUM 
ZINC 
ALUMINUM . 
ARSENIC 
BARIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANEsg 
MERCURY 
MOLYBDENUM 
NICKEL 
POTASSIUM 

SW80212WCU3 SD00360WCU3 m/KQ 
SW80214WCU3 SD00363WCU3 MQ/KQ 
SW80214WCU3 SD00363WCU3 m/KQ 
SW80214WCU3 SD00363WCU3 MQ/KQ 
SW80214WCU3 SD00363WCU3 MQ/KQ 
SW80214WCU3 SD00363WCU3 MQ/KQ 
SW80214WCU3 SD00363WCU3 MQ/KQ 
SW80214WCU3 SDOO363WCU3 MQ/KO 
SW80214WCU3 SD00363WCU3 MQ/KQ 
SW80214WCU3 SD00363WCU3 MQ/KQ 
SW80214WCU3 SD00363WCU3 MQ/KQ 
SW80214WCU3 SD00363WCU3 MQ/KQ 
SW80214WCU3 SD00363WCU3 MQ/KQ 
SW80214WCU3 SD00363WCU3 MQ/KQ 
SW80214WCU3 SD00363WCU3 m/KQ 
SW80214WCU3 SD00363WCU3 m/KQ 
SW80214WCU3 SD00363WCU3 MQ/KO 
SW80214WCU3 SD00363WCU3 MQ/KQ 
SW80216WCU3 SDOO368WCU3 MQ/Ka 
SW80216WCU3 SD00368WCU3 MQ/KQ 
SW80216WCU3 SDOO36BWCU3 MQ/KQ 
SW80216WCU3 SDOO368WCU3 MQ/KQ 
SW80216WCU3 SDOO368WCU3 m/KQ 
SW80216WCU3 SD00368WCU3 MQ/KQ 
SW80216WCU3 SD00368WCU3 MQ/KQ 
SW80216WCU3 SDOO368WCU3 MQ/KQ 
SW80216WCU3 SD00368WCU3 MQ/KQ 
SW80216WCU3 SDOO368WCU3 MQ/KQ 
SW80216WCU3 SDOO368WCU3 MQ/KQ 
SW80216WCU3 SD00368WCU3 m/KQ 
SW80216WCU3 SD0036EWCU3 m/KQ 
SW80216WCU3 SD00368WCU3 M / K Q  
SW80216WCU3 SDOO368WCU3 MQ/KQ 
SW80216WCU3 SDOO368WCU3 MQ/KQ 
SW8C’- WCU3 SD00368WCU3 MQ/KQ 6 

39. i o 0  
865.000 
1.400 
14.300 
427 .OOO 
1.300 
1.200 

3100 -000  
4.300 

197.000 

.910 
258.000 
204.000 
29. do0 
2.800 
4 .goo 
9.000 

7070.000 
8.700 
86.000 

2900.000 
8.200 
6.500 
42.300 

14400.000 
93.800 
6.000 

2220.000 
316.000 

.150 
7.700 
11.300 

2030.000 

89.600 

.450 

41.100 
1140.000 

1.200 
13.000 
451.000 
1.400 
1.300 

2910.000 
2.400 

228.000 
46.500 

.ea0 
307.000 
219.000 
31.300 
4.100 
4.400 
9.100 

9130.000 
10.000 
90.900 

.490 
2920.000 

9 3 0 0  
6.600 

43.300 
16100.000 
103.000 
7.900 

2460.000 
330.000 

.180 
7.500 
10.600 

2210.000 

4.99% 
27.43% 
15.38% 
9.52% 
5.47% 
7.41% 
8 . 0 0 %  
6.32% 
56.72% 
14.59% 
63.34% 
3.35% 
17.35% 
7.09% 
4.91% 
37.68% 
10.75% 
1.10% 
25.43% 
13.90% 
4.61% 
8.51% 
.69% 

12.57% 
1.53% 
2.34% 
11.15% 
9.35% 
27.34% 
10.26% 
4.33% 
18.18% 
2.63% 
6.39% 



4PZ.E 
4SE'  P 
4PL' DT 
4ZZ'OZ 
4 8 E ' S  
488.5 
4DL.T 
48Z' z 
4Z8'LT 
4OE'L 
4Z1'6T 
4E8'9E 
4z9 - EZ 
4ZS'Sb 
4P6.I 
4SS'BL 
4LL'BE 
4L9.T 
4TO"ID 
4LP'OOT 
4L8'9Z 
4LL'ZZ 
4LS'BZ 
4SE 61 
4SL'SZ 
4T9 - PZ 
4OP'PT 
46Z'SE 
469' P9 
*ST'S 
48b*TT 
4SS'  E 
490' S 
4s9.0 
4'1E' PS 

000 00881 
005 '  EZ 
008 ' 8 
000 '  ZT 
000'06S8 
099' 
OLE' 
OOO'OET 
009'P 
OOT'L 
000'00EZT 
006'62 
OOT'L 
008'LT 
009' 29 
ooo'osz 
0OO"TLZ 
000 - TZT 
0 0 0 -  PTL 
009"T 
008.E 
000'  OEPS 
009'E 
OOL'T 
089' 
OOO'OL6E 
009'0P 
0 0 0 ' 2  
000'OEZZ 
000' 6TZ 
008 - sz 
000.' DE 
OOO'Z9T 
OOZ' z 
000' 69T 

000'  OOZ8T 
OOS'ZZ 
OOZ'OT 
OOL'PT 
000' OD18 
OOL' 
08s' 
000.' €ET 
OOS'S 
009 ' 9 
000' 006PT 
009 * OZ 
009'5 
OOZ' '1T 
00) '  '19 
000'  601 
000' E8T 
000*6TT 
000'TLV 
OES' 
006' z 
000'0z~P 
OOL'Z 
00b.T 
068' 
0 0 0 -  OOTE 
006'9P 
OOb'T 
000' OPTT 
0 0 0 ' 8 0 2  
000' EZ 
002 EE 
000' PST 
OOT'Z 
000' 562 

D X / W  EIWMSDEOOaS EIWMTOZOBMS 
DX/W EIWMSPEOOCJS EIWMTOZOBMS 
DX/W EIWMSPEOOQS EIWMTOZOBMS 
D X / W  EIWMSPEOOQS EIWMTOZO8MS 
D X / W  EIWMSPEOOaS EIWMTOZOBMS 
DX/W EIWMSPEOOCIS EIWMTOZOBMS 
D X / W  EIWMSPEOO~S EIWMTOZOBMS 
DX/W EIWMSPEOOaS EIXIM'1OZOBMS 
DX/W EIWMSPEOOCIS EIWMTOZOBMS 
D X / W  ECWMSPEOOaS EIWMTOZO8MS 
DX/W EIWMSPEOOaS EIWMTOZOBMS 
D X / W  EIWMPBEOOaS EIXIM80ZOBMS 

DX/W EZWMP8EOOCI.S CCWM8OZO8MS 
O X / W  EIWMP8EOOaS EIWMBOZOBMS 
DX/W EIWMPBEOOaS EIWMBOZOBMS 
DX/W CIWMPBEOOaS EIWMBOZOBMS 
DX/W ECWMP8EOOaS E113M8OZ08MS 
D X / W  EIWMP8EOOQS EIWM80ZOBMS 
DX/fM EIWMP8EOOaS EIWMBOZ08MS 
DX/W EIWMD8EOOaS EIWM80ZOBMS 

D X / W  EIWMPBEOOaS EIWM80ZOBMS 
D X / W  EIWMP8EOOaS EIWMBOZOBMS 
D X / W  EIWMPBEOOaS EIWM80ZOBMS 
DX/W EIWMP8EOOQS EIWM802OBMS 
DX/W ECWMPBEOOaS EIWM80ZOBMS 
DX/W EIWMP8E00aS ECWMBOZOBMS 
D X / W  EIWMPBEOOaS EIWM8OZOBMS 
DX/W EIWM89EOOQS EIWM9TZ08MS 

DX/m ECWM89EOOaS ECWM91Z08MS 
D X / W  ECWM89EOOaS EIWMSTZOBMS 
D X / W  EIWMB9EOOaS EIWM9TZOBMS 
DX/EM EIWM89EOOaS ECWM9'1208MS 

DX/W m w 8 E o o a s  EIWMBOZOBMS 

DX/W EmMmEooas 'EIWM~OZO~MS 

onfm E C W M ~ ~ E O O ~ S  EIWM~TZOBMS 

z68soaas 
z 6 e soaas 
z68soa3s 
Z68SOa3S 
z68soa3s 
z 68 soaas 
z68soaas 
z68soaas 
z 68 soa3s 
z6Bsoaas 
z 68 soa3s 
z 6 6 boaas 
z66Doaas 
Z66DOa3S 
Z 6 6 DOa3S 
Z660OaBS 
Z 66 DOa3S 
Z 6 6 POcl3S 
Z66POaSS 
Z 6 6 POa3S 
Z66POa3S 
26 6 voaas 
Z66DOa3S 
Z660003S 
Z 6 6 DOa3S 
Z 6 6 POa3S 
Z66DOaBS 
Z 66 POOBS 
z 66 POaaS 
z6PDOaBs 
z 6 ~ ~ 0 a a s  
z 6 ~ ~ o a a s  

z 6 ~ ~ o a a s  
z6PPoa3s 

z6PPoa3s 

as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 
as 

- as 
as 
as 
as 
as 
as 
as 

- - - - - -  

S6/20/9 



~ . 6/02/915 Table (3-7 
Validation Counte for Real Samples 
By Medium and Sample Analyeie 

- - - - - -  
I 

I SD 
SD 
SD 

Sample Location Duplicate Real Real DUP 
Medium Analysis Code T/D Chemical Name Sample Num Sample Num Unite Reeult ReEUlt RPD 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
ME'TALS 
METALS 
m'rALs 
mrus 
mrms 
ME'rALs 
mrms 
mrms 
m'rms 
mrms 
ramus 
w r u s  
mrms 
m r a s  
mrALs 
wrms 
METALS 
METALS 
METALS 
METALS 

METALS 
METALS 
METALS 
METALS 
ME'IYUJS 
METALS 
METALS 

m i r m s  

SED05892 
SED05892 
SED05892 
SED05 89 2 
SED05892 
SED05892 
SED05892 
SED05 8 9 2 
SEDOS 89 2 
SED05 8 9 2 
SED05892 
SED05892 
SED05892 
SED069 9 2 
SED069 9 2 
SED06992 
SED06992 
SED0 6992 
SED069 9 2 
SED06992 
SED06992 
SED06992 
SEDO 69 9 2 
SED06992 
SEDO'6 9 9 2 
SED069 92 
SEDO 6 9 9 2 
SED06992 
SED069 9 2 
SED06992 
SED06992 
SED06992 
SEDO 69 9 2 
SED06992 
SED07592 

j 

I 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

LITHIUM 
MAGNESIUM 
MANOANBSB 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELBNXUM 
SILICON 
SILVER 
SODIUM 
STRONTIUM 
VANADIUM 
ZINC 
ALUMINUM 
ARSBNIC 
BARIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPBR 
IRON 
LITHIUM 
MAGNESIUM 
MANGANBSB 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SILICON 
SILVER 
SODIUM 
STRONTIUM 
VANADIUM 
ZINC 
ALUMINUM 

SW80201WCU3 SD00345WCU3 m/KQ 
SW80201WCU3 SD00345WCU3 MQ/KQ 
SW80201WCU3 SD00345WCU3 m/KQ 
SW80201WCU3 SD00345WCU3 MQ/KQ 
SW80201WCU3 SD00345WCU3 MQ/KQ 
SW80201WCU3 SD00345WCU3 MQ/KQ 
SW80201WCU3 SD00345WCU3 MQ/KQ 
SW80201WCU3 SD00345WCU3 MU/KQ 
SW80201WCU3 SD00345WCU3 MQ/KQ 
SW80201WCU3 SD00345WCU3 MQ/KQ 
SW80201WCU3 SD00345WCU3 m/KQ 
SW80201WCU3 SD00345WCU3 MQ/KQ 
SW80201WCU3 SD00345WCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/KQ 
SW80202WCU3 'SD00351WCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/KO 
SW80202WCU3 SD00351WCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/.KQ 
SW80202WCU3 SD0035lWCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/K(3 
SW80202WCU3 SD00351WCU3 MQ/KQ 
SW80202WCU3 SD00351WCU3 MQ/KQ 
SW80279WCU3 SD00374WCU3 MQ/KQ e 

12.200 
3650.000 
295.000 
8.400 
20.700 

2260.000 
.240 

237.000 
1.600 

197.000 
54.800 
35.600 
80.100 

6720.000 
4 -200 

113.000 
.450 

18000.000 
4.800 
7.000 
16.100 

11500.000 
6.500 

2430.000 
383 .ooo 
5.300 
11.900 
676.000 
161.000 
1.300 

477.000 
79.300 
15.700 
70.800 

16500.000 

10 .so0 
3400.000 
311.000 
8.200 
18 .goo 

1890.000 
.650 

253.000 
2.100 

193.000 
54.200 
34.300 
76.400 

5900.000 
4 .800 

120 .ooo 
.450 

21700.000 
4.600 
7 .lo0 
17.700 

10400.000 
5.900 

2500 -000  
516 .OOO 
4.700 
11.800 
678.000 
131.000 

.970 
570.000 
88.100 
13.400 
82.300 

13000.000 

14.98% 
7.09% 
5.28% 
2.41% 
9.09% 
17.83% 
92.13% 
6.53% 
27.03% 
2 .OS% 
1.10% 
3.72% 
4.73% 
13. OOk 
13.33% 
6.01% 
0 . 0 0 %  
18.64% 
4 -26% 
1.42% 
9.47% 
10.05% 
9.68% 
2.84% 
29.59% 
12.00% 

.84% 
-30% 

20.55% 
29.07% 
17.77% 
10.51% 
15.81% 
15.02% 

I 



Table 9 
Validation Counts for Real Sample6 
By Medium and Sample Analysis 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

METALS 
METALS 
FTALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

SED07592 
SED07592 
SEDO 7 59 2 
SEDO 7 59 2 
SEDO 75 9 2 
SED07592 
SED07592 
SEDO 759 2 
SED07592 
SED07592 
SED07592 
SED07592 
SED07592 
SED07 5 9 2 
SEDO 75 9 2 
SEDO 759 2 
SED07592 
SED08192 
SEDO 8 19 2 
SEDO 8 19 2 
SED08192 
SED08192 
SED08192 
SED08192 
SED0819 2 
SEDO 8 19 2 
SED08192 
SEDO 8 19 2 
SED08192 
SED08192 
SED08192 
SED08192 
SEDO 819 2 
SED08192 
SEDO 8 19 2 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

ARSENIC 
BARIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANaANBSE 
POTASSIUM 
SODIUM 
STRONTIUM 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNBSIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKBL 

SW80229WCU3 SD00374WCU3 MQ/KQ 
SW80229WCU3 SD00374WCU3 MQ/KQ 
SW80229WCU3 SD00374WCU3 W/Kb 
SW80229WCU3 SD00374WCU3 MQ/KQ 
SW80229WCU3 SD00374WCU3 m/KQ 
SW80229WCU3 SD00374WCU3 MQ/KQ 
SW80229WCU3 SD00374WCU3 MQ/KQ 
SW80229WCU3 SD00374WCU3 MQ/KQ 
SW80229WCU3 SD00374WCU3 MQ/KQ 
SW80229WCU3 SD00374WCU3 m/KG 
SW80229WCU3 SD00374WCU3 MQ/KQ 
SW80229WCU3 SD00374WCU3 MQ/KQ 
SW80229WCU3 SD00374WCU3 MU/KQ 
SW80229WCU3 SD00374WCU3 W/KQ 
SW80229WCU3 SD00374WCU3 W/KQ 
SW80229WCU3 SD00374WCU3 MQ/KO 
SW80229WCU3 SD00374WCU3 MQ/KQ 
SD06410CH 
SD06410CH 
SDO 64 1 OCH 
SD06410CH 
SD06410CH 
SD06410CH 
SD06410CH 
SD06410CH 
SD06410CH 
SD06410CH 
SD06410CH 
SD06410CH 
SD06410CH 
SD06410CH 
SDO 64 lOCH 
SD06410CH 
SD06410CH 
SDO 64 lOCH 

SD06409CH 
SD06409CH 
SD06409CH 
SD06409CH 
SD06409CH 
SD06409CH 
SD06409CH 
SD06409CH 
SD06409CH 
SD06409CH 
SD06409CH 
SD06409CH 
SDO 6409CH 
SD064 09CH 
SD06409CH 
SD06409CH 
SD064 09CH 
SD06409CH 

* 

3.700 
107.000 

.540 
17500.000 

14.000 
6.500 
11.600 

13900 .OOO 
14.500 
9.800 

4060.000 
148.000 
1960.000 
246.000 
85.800 
34.200 
40.500 

1S700.000 
9 .goo 

199.000 
1.400 
4.200 

10100,000 
29.000 
19 -700 
12 .a00 
148.000 

20500 - 0 0 0  
120.000 
13.100 

4370.000 
642.000 

.260 
12.100 
24.000 

3.400 
101.000 

.360 
16200.000 

9 -600 
6.700 
12.100 

13200.000 
2.800 
6.800 

3670.000 
165.000 
1050.000 
211.000 
80.300 
29.800 
37.500 

17000.000 
10.000 
202.000 
1.400 
3.300 

7750.000 
31.300 
20.000 
11.300 
142.000 

22900.000 
120.000 
14.000 

4340.000 
1180.000 

.230 
9.900 
19.000 

8.45% 
5.77% 
40.00% 
7.72% 
37.29% 
3.03% 
4.22% , 

5.17% 
135.26% 
36.14% 
10.09% 
10.864 
60.47% 
15.32% 
6.62% 
13.75% 
7.69% 
7.95% 
1.01% 
1 .SO% 
0 .00% 
24.00% 
26.33% 
7.63% 
1.51% 
7.66% 
4.14% 
11.06% 

0 . 0 0 %  
6.64% 
.69% 

59.06% 
12.24% 
20.00% 
23.26% 



6/02/95 Table Q-7 
Validation Counts for Real Sample6 
By Medium and Sample Analyeie 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

METALS 
METALS 
METALS 
METALS 
METALS 

METALS 
METALS 

METALS 

METALS 

mrms 

m r a s  

mrms 

mrms 
mrms 

mrms 

mrms 

METALS 

METALS 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

SEDO 8 19 2 
SED08192 
SED08192 
SEDO 8192 
SED08192 
SED08192 
SED083 92 
SED08392 
SEDO 83 9 2 
SED08392 
SEDO 8 3 9 2 
SEDO 8392 
SED08392 
SEDO 8392 
SEDO 8392 
SEDO 8 3 9 2 
SED08392 
SED08392 
SED08392 
SED08392 
SED08392 
SED08392 
SEDO 83 9 2 
SED08392 
SED08392 
SEDO 8392 
SED08392 
SED08392 
SED08392 
SED08392 
SEDO 8592 
SED08592 
SED08592 
SED08592 
SEDO 859 2 

I 

I 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

POTASSIUM 
SILVER 
SODIUM 
STRONTIUM 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANQANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SILVER 
SODIUM 
STRONTIUM 
TIN 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CALCIUM 

SD06410CH 
SD06410CH 
SD06410CH 
SD064 1 OCH 
SD06410CH 
SD064 1 OCH 
SD064 68CH 
SD06468CH 
SD06468CH 
SD06468CH 
SD06468CH 
SD06468CH 
SD064 68CH 
SD06468CH 
SD06468CH 
SD06468CH 
SDO 6 4 6 8 CH 
SD06468CH 
SDO 6 4 6 8CH 
SD06468CH 
SD06468CH 
SD06468CH 
SD06468CH 
SD06468CH 
SD064 68CH 
SD064 68CH 
SD06 4 6 8CH 
SD06468CH 
SD06468CH 
SD06468CH 
SDO 652 1CH 
SD06521CH 
SD06521CH 
SD06521CH 
SDOGe9 CH 3 

SD06409CH 
SD06409CH 
SD06409CH 
SDO 6 4 0 9 CH 
SD06409CH 
SD06409CH 
SD064 67CH 
SD06467CH 
SD064 67CH 
SD06467CH 
SD06467CH 
SD06467CH 
SD064 67CH 
SD06467CH 
SD06467CH 
SD064 67CH 
SD06467CH 
SD06467CH 
SD06467CH 
SD06467CH 
SD064 67CH 
SDO 6 4 6 7CH 
SD06467CH 
SD064 67CH 
SD064 67CH 
SD06467CH 
SD06467CH 
SD06467CH 
SD06467CH 
SD06467CH 
SD0652OCH 
SDO 6 52 O C H  
SD06520CH 
SD06520CH 
SD0652 OCH 

MQ/KQ 
W/KQ 

MQ/KQ 
MQ/KQ 
a / K Q  
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
W/KQ 
MQ/KQ 
MG/KQ 

MQ/KQ 
m/KQ 

MQ/KQ 
MQ/KQ 
MQ/KQ 
MC3/KQ 
m/KQ 
W/KQ 
MQ/KQ 
m/KQ 
MQ/KQ 

m/KQ 
MC3/KQ 
m/KQ 

MQ/KQ 
MQ/KQ 
W/KQ 

MQm 

MC3/K(I 

MC3/KQ 

UQ/KO 

MWKQ 

~ / K Q  

3280.000 
2.900 

160.000 
71.100 
37.900 
915.000 

18900.000 
33.800 
214.000 
1.300 
7.000 

6660.000 
31.400 
16.700 
225 .ooo 

27600.000 
246.000 
16 .OOO 

4700.000 
877.000 

.410 
2.600 
28.700 

3700.000 
5.000 

416.000 
63.600 
10.900 
45.800 

1660.000 
9780.000 

4.400 
179.000 

.830 
7820.000 

3130.000 
1.900 

152.000. 
68 -100 
.37.700 
730 .OOO 

16700.000 
31 .SO0 
225.000 
1.400 
11.900 

7010 .OOO 
30.100 

. 16.400 
254 .OOO 

27500.000 
215 .OOO 
13.800 

4580 .OOO 
772.000 

.180 
4.000 
30.800 

3410.000 
6.200 

460.000 
64 .SO0 
9.000 
44.200 

1980.000 
10100.000 

4.100 
163.000 

.860 
8030.000 

4 -68% 
41.67% 
5.13% 
4.31% 

.53% 
22.49% 
12.36% 
7.04% 
5.01% 
7.41% 
51 * 85% 
5.12% 
4.23% 
1.81% 
12.11% 

.36% 
13.45% 
14.77% 
2.59% 
12.73% 
77.97% 
42.42% 
7.06% 
8.16% 
21.43% 
10.05% 
1.41% 
19.10% 
3.56% 
17.58% 
3 -22% 
7.06% 
9.36% 
3.55% 



6/02/95 Table (3-7 
Validation Count6 for Real Sample6 
By Medium and Sample Analysh 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

. SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

SED08592 T 
SED08592 T 
SED08592 T 
SED08592 T 
SED08592 T 
SED08592 T 
SED08592 T 
SED08592 T ’  
SED08592 T 
SED08592 T 
SED08592 T 
SED08592 T 
SED08592 T 
SED08592 T 
SED08592 T 
SED08592 T 
SED08592 T 
SED08692 T 
SED08692 T 
SED08692 T 
SED08692 T 
SED08692 T 
SED08692 T 
SED08692 T 
SED08692 T 
SED08692 T 
SED08692 T 
SED08692 T 
SED08692 T 
SED08692 T 
SED08692 T 
SED08692 T 
SED08692 T 
SED08692 T 
SED08692 T 

CESIUM 
CHROMIUM 
COEALT 
COPPER 
IRON 
LRAD 
LITHIUM 
MAGNBSIUM 
MANGANESE 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SILVBR 
SODIUM 
STRONTIUM 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 

SD06521CH 
SD06521CH 
SD06521CH 
SD06521CH 
SD0652lCH 
SD0652lCH 
SD06521CH 
SDO 6 5 2 1CH 
SD06521CH 
SD0652lCH 
SD0652 1CH 
SDO 652 1CH 
SD06521CH 
SD06521CH 
SDO 6 5 2 1CH 
SD06521CH 
SD065 2 1CH 
SD06548CH 
SD06548CH 
SDO6548CH 
SD06548CH 
SD06548CH 
SD06548CH 
SDO 6 5 4 8CH 
SDO 6 54 8CH 
SD06548CH 
SD06548CH 
SD06548CH 
SD06548CH 
SD0654 8CH 
SDO 6 5 4 8CH 
SD06548CH 
SD06548CH 
SD0654 8CH 
SD06548CH 

SD0652 OCH 
SD06520CH 
SD06520CH 
SD0652OCH 
SD06520CH 
SD06520CH 
SDO 652 OCH 
SD06520CH 
SDO 6 5 2 OCH 
SD06520CH 
SD06520CH 
SD06520CH 
SD06520CH 
SDO 65 2 OCH 
SD06520CH 
SD06520CH 
SD06520CH 
SD0654 7CH 
SD06547CH 
SDO 6547CH 
SDO 6 5 4 7CH 
SD06547CH 
SD06547CH 
SD0654 7CH 
SD0654 7CH 
SD06547CH 
SD0654 7CH 
SDO 654 7CH 
SD0654 7CH 
SD06547CH 
SD06547CH 
SD06547CH 
SD06547CH 
SD06547CH 
SD06547CH 

MQ/KQ 

MQ/KQ 

MQ/KQ 

MQ/KQ 

m/KQ 

MQ/KQ 
MQ/KQ 
MQ/KQ 
M(3/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ 
MQ/KQ 

MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 

m/KQ 

MQ/KQ 

MQ/KQ 
MQ/KQ 

MQ/KQ 

M(3/KO 

W/KQ 

MQ/KQ 

MG/KQ 

MQ/KQ 
MQ/K(3 
MQ/KQ 
MQ/KQ 

MQ/KQ 
MG/KQ 

MQ/KQ 

15.600 
10.200 
9.500 
21.800 

13000.000 

8.000 
2850.000 

1.100 
15.500. 

1350 -000 
2.300 

170.000 
58.500 
25.300 
66.000 

12200.000 
9 -900 

153.000 

.790 
6430.000 
21.700 
13.100 
10.000 
57.400 

15500.000 
47.100 
11.400 

3310 .OOO 
342 .OOO 

.260 
18.300 

2000.000 

19.900 

20s. 000 

1.300 

34.400 
10.200 
9.700 
21.900 

13000.000 
20.600 
7.700 

2950.000 
198.000 
1.100 
16.000 

1320.000 
1.900 

185.000 
61.500 
26.500 
68.300 

11200.000 
6.400 

144.000 
1.100 
1.300 

6170.000 
26,600 
11.800 
8.700 

53.300 
14500.000 

41.600 
9.800 

3070.000 
257.000 

.180 
17.200 

1840.000 

75.20% 
0 . 0 0 %  
2.08% 
.4 6% 

0.00% 
3.46% 
3.82% 
3 -45% 
3.47% 
0 . 0 0 %  
3.17% 
2 -25% 
19.05% 
8.45% 
5.00% 
4.63% 
3 -43% 
8.55% 

42.94% 
6.06% 
16.67% 
48.80% 
4 -13% 
20.29% 
10.44% 
13.90% 
7.41% 
6.67% 
12.40% 
15.09% 
7.52% 
28.38% 
36.36% 
6.20% 
8.33% 



6/02/95 Table  0-7 
Validation Counts for Real Samples 

By  Medium and Sample Analysis 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

METALS 
MI3TALS 
METALS 
MXTALS 
METALS 
METALS 
MIPTALS 
METALS 
METALS 
METALS 
MISTALS 
MISTALS 
METALS 
MISTALS 
METALS 
METALS 
METALS 
METALS 
METALS 
MEZTALS 
MKTALS 
METALS 
ME3TALS 
METALS 
MESTALS 
METALS 
METALS 
MKTALS 
MESTALS 
MKTALS 
METALS 
METALS 
MKTALS 
MEZTALS 

I 

SEDO 8 69 2 
SED08692 
SED08692 
SED08 69 2 
SED08892 
SED08 89 2 
SED08 89 2 
SED08892 
SED08892 
SED08892 
SED08892 
SED08892 
SED08892 
SED08892 
SED08892 
SED08892 
SED08 89 2 
SED0889 2 
SED0889 2 
SED0889 2 
SED08892 
SED08892 
SED08892 
SED08892 
SED08992 
SEDO 899 2 
SED08992 
SED0899 2 
SED0899 2 
SEDO 899 2 
SED0899 2 
SED08992 
SED089 9 2 
SED08992 
SED0899 2 

I 

I 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

SODIUM 
STRONTIUM 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
NICKEL 
POTASSIUM 
SODIUM 
STRONTIUM 
TIN 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
I RON 
LEAD 
LITHIUM 

SD06548CH 
SD06548CH 
SD06548CH 
SD06548CH 
SD06671CH 
SD06671CH 
SDO 6 671CH 
SD06671CH 
SD06671CH 
SDO 6671CH 
SDO 6671CH 
SD06671CH 
SD06671CH 
SDO 6 6 71CH 
SDO 6 6 7 1CH 
SD06671CH 
SD06671CH 
SDO 6 6 7 1CH 
SD06671CH 
SDO 6 6 7 1CH 
SDO 6 6 7 1CH 
SD06671CH 
SD06671CH 
SD06671CH 
SDO 6 6 9 4 CH 
SD06694CH 
SDO 6 6 9 4CH 
SD06694CH 
SD06694CH 
SDO 6 6 9 4 CH 
SDO 6 69 4 CH 
SD06694CH 
SD06694CH 
SDO 6 6 9 4 CH sDwcH 

SDO 6 54 7CH 
SDO 6 54 7CH 
SD06547CH 
SD06547CH 
SD06670CH 
SD06670CH 
SDO 6 67 O C H  
SD06670CH 
SD06670CH 
SD06 6 70CH 
SDO 6 6 70CH 
SD06 6 70CH 
SDO 6 6 7 OCH 
SD06670CH 
SDO 6 6 7 OCH 
SD0667 OCH 
SD06670CH 
SDO 6 6 7 OCH 
SD06670CH 
SD06670CH 
SD06670CH 
SD06670CH 
SD06670CH 
SD06670CH 
SD0669 3CH 
SDO 6 69 3CH 
SD06693CH 
SD06693CH 
SD06693CH 
SDO 6 6 9 3 CH 
SD06 69 3CH 
SD06693CH 
SDO 6 6 9 3 CH 
SD06693CH 
SD06693CH 

MQ/KQ 
MQ/KQ 

MQ/KQ 
MQ/KQ 
W/KQ 
MQ/KQ 
MQ/KQ . 
MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KO 

MQ/KQ 

MQ/KO 
MQ/Kb 

=/KO 
W / K Q  

MQ/KQ 

MQ/KQ 

MQ/KQ 

MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ 
W/KQ 

MQ/KCI 

MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 

127.000 
57.400 
35.100 

258 -000 
14100.000 

4.800 
198.000 

1.200 
5230.000 

16.100 
8.300 

21.600 
16300.000 

30.500 

3670.000 
234.000 

17.000 
2950.000 

165.000 
45.800 
14.600 
34.600 
65.700 

19500.000 
6.600 

217.000 
1.300 

15300.000 
20.600 

9.200 
29.100 

19800.000 
36.100 
18.500 

11.900 

109 .ooo 
53 .SO0 
32.400 

233.000 
13800.000 

4.200 
190.000 

1.200 
5070.000 

16.400 
7.800 

21.700 
16000.000 

28.000 
12.100 

3560.000 
213.000 

16.200 
2910.000 

161.000 
44.400 
14.600 
33.600 
63.200 

18400.000 
6.800 

214.000 
1.300 

15300.000 
19.800 

9 .ooo 
29.800 

18800.000 
32.100 
17.900 

15.25% 
7.03% 
8.00% 

10.18% 
2.15% 

13 3 3 %  
4.12% 
0 . 0 0 %  
3 -11% 
1.85% 
6.21% 

.46% 
1.86% 
8.55% 
1.67% 
3.04% 
9.40% 
4.82% 
1.37% 
2.45% 
3.10% 
0.00% 
2 -93% 
3.88% 
5.80% 
2.99% 
1.39% 
0 .00% 
0 .  00% 
3.96% 
2.20% 
2.38% 
5.18% 

11.73) 



6/02/95 a Table e 7  
Validation Count6 for Real Sample6 
By Medium and Sample Analyeie 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

I 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
mTALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

METALS 

SED08992 
SEDO 89 92 
SEDO 89 92 
SED08992 
SEDO 89 9 2 
SED08992 
SEDO 899 2 
SEDO 8 9 9 2 
SED0899 2 
SED09 192 
SED09 192 
SED09192 
SED09192 
SED09192 
SED09 192 
SED09 19 2 
SED09 192 
SED09192 
SED09192 
SED09192 
SED09192 
SED09192 
SED09192 
SED09192 
SED09192 
SED09 192 
SED09192 
SED09 192 
SED09 19 2 
SED09 19 2 
SED09192 
SED09 192 
SEDl 0 3  9 2 
SEDl 0392 
SED10392 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

MAGNESIUM 
WGANESE 
NICKEL 
POTASSIUM 
SODIUM 
STRONTIUM 
TIN 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
I RON 
LEAD 
LITHIUM 
MRGNBSIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SILVER 
SODIUM 
STRONTIUM 
TIN 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 

SD06694CH 
SD06694CH 
SD06694CH 
SD06694CH 
SDO 6 69 4 CH 
SD06694CH 
SD06694CH 
SDO 6 69 4CH 
SDO 6 6 9 4 CH 
SD06613CH 
SDO 6 6 13 CH 
SDO 6 6 13 CH 
SD06613CH 
SD06613CH 
SDO 6 6 13CH 
SDO 6 6 13CH 
SD06613CH 
SD06613CH 
SDO 6 6 13CH 
SD06613CH 
SD06613CH 
SDO 6 6 13 CH 
SD06613CH 
SDO 6 6 1 3 CH 
SDO 6 6 1 3 CH 
SDO 66 13CH 
SD 0 6 6 13CH 
SDO 6 6 13CH 
SDO 6 6 1 3 CH 
SDO 66 13CH 
SDO 6 6 1 3 CH 
SDO 6 6 13 CH 
SDO6llOCH 
SDO6llOCH 
SDO 6 11 OCH 

I 

SDO 6 6 9 3 CH 
SDO 6 69 3CH 
SDO 6693CH 
SDO 6 69 3CH 
SDO 6 6 9 3 CH 
SD06693CH 
SD06693CH 
SD06693CH 
SDO 6 6 9 3 CH 
SDO 6 6 l2CH 
SDO 6 6 12CH 
SD06612CH 
SDO 6 6 12CH 
SD06612CH 
SDO 6 6 12 CH 
SDO 6 6 12 CH 
SDO 6 6 12CH 
SDO 6 6 12 CH 
SD06612CH 
SD06612CH 
SDO 6 612CH 
SD06612CH 
SD06612CH 
SDO 6 6 12CH 
SDO 6 6 1 2CH 
SD06612CH 
SDO 6 6 12CH 
SD 0 6 6 12CH 
SDO 6 6 12 CH 
SD06612CH 
SDO 6 6 1 2 CH 
SD066 12CH 
SDO 6 1 0 9 CH 
SD06109CH 
SD06109CH 

I 

MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ 
MQ/KQ 

MQ/KQ 
MQ/KQ 

MQ/KQ 
MQ/KQ 
MG/KQ 
m/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ 
MQ/KQ 
MG/KO 
MQ/KQ 

MQ/KQ 

m/KQ 
MQ/KQ 

MQ/KQ 

MQ/KQ 

MQ/KO 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KO 
MQ/KO 
MQ/KG 

MQ/KQ 
MQ/KO 

MQ/KO 

MG/KQ 

MQ/KQ 

4560.000 
195 .OOO 
20 -400 

3950.000 
260.000 
80.400 
8.400 
47.200 
84.500 

25300.000 
5 .SO0 

196 .OOO 
1.500 

15300 -000 
26.000 
10 -900 
161 .OOO 

21300.000 
55.300 
19 . l o o  

4750.000 
329.000 

.190 
1.100 
21.200 

3720.000 
4 -900 

154.000 
88.400 
3 -500 
58.000 
201.000 

14500.000 
7.300 

123.000 

4450.000 
186.000 
19.900 

3810.000 
259.000 
79.000 
6.700 
45.400 
84.100 

16300.000 
7.200 

191.000 
1.300 

12800.000 
17.400 
9.400 

146.000 
18900.000 

59.400 
14.300 

3680.000 
569.000 

.160 

.990 
17.900 

2520.000 
4.300 

136.000 
76.000 
3.900 
38.300 
175.000 

15200.000 
9.300 

124.000 

I 

2.44% 
4.72% 
2 -48% 
3.61% 
-39% 

1.76% 
22.52% 
3.89% 
.47% 

43.27% 
26.77% 
2.58% 
14.29% 
17.79% 
39.63% 
14.78% 
9.77% 
11.94% 
7.15% 

30.27% 
25.39% 
53.45% 
17.14% 
10.53% 
16.88% 
38.46% 
13.04% 
12.41% 
14.04% 
10.81% 
40.91% 
13.83% 
4.71% 
24.101: 

.El% 



Table (3-7 
Validation Count6 for Real Sample6 

By Medium and Sample Analyde 

~ 6/02/95 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
mTALS 
METALS 
METALS 
METALS 
METALS 
MEiTALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

Location Dupl i ca t e Real Real DUP 
RPD Reeul t Code T/D Chemical Name Sample Num Sample Num Unit6 Reeult 

SED10392 
SED10392 
SED10392 
SED103 9 2 
SED10 39 2 
SED1039 2 
SED10392 
SED1039 2 
SED10392 
SED10392 
SED10392 
SED10392 
SED103 9 2 
SEDl 03 9 2 
SED10392 
SED10392 
SED10392 
SED103 9 2 
SED10392 
SEDl 13 9 2 
SED1139 2 
SED113 9 2 
SED11392 
SED 1 1 3 9 2' 
SED11392 
SED11392 
SED11 392 
SED11392 
SED11392 
SED11392 
SED1 13 9 2 
SED1139 2 
SEDl 13 9 2 
SEDl 13 9 2 
SED11392 

T BERYLLIUM 
T CADMIUM 
T CALCIUM 
T CHROMIUM 
T COBRLT 
T COPPER 
T IRON 
T LEAD 
T LITHIUM 
T MAGNESIUM 
T MANGANESB 
T MERCURY 
T NICKEL 
T POTASSIUM 
T SILVER 
T SODIUM 
T STRONTIUM 
T VANADIUM 
T ZINC 
T ALUMINUM 
T ARSENIC 
T BARIUM 
T BERYLLIUM 
T CADMIUM 
T CALCIUM 
T CHROMIUM 
T COBALT 
T COPPER 
T IRON 
T LEAD 
T LITHIUM 
T MAGNESIUM 
T MANGANESE 
T NICKEL 
T POTASSIUM 

SD06 11 OCH 
SD06 11 O C H  
SDO6llOCH 
SDO6llOCH 
SDO 6 11 O M  
SDO6ll O C H  
SD061 lOCH 
SDO6llOCH 
SDO 6 1 lOCH 
SDO6llOCH 
SDO 61 1 O M  
SD 0 6 1 1 0 CH 
SDO6llOCH 
SDO6llOCH 
SDOCllOCH 
SD06 11 O C H  
SD06 11 O C H  
SDO 6 1 lOCH 
SDO6llOCH 
SD06121CH 
SD0612 1CH 
SDO 612 1CH 
SD0612 1CH 
SD06121CH 
SD06121CH 
SD0612 1CH 
SD06121CH 
SDO612lCH 
SD06121CH 
SDO6121CH 
SD0612lCH 
SD0612lCH 
SDO612lCH 
SDO 6 12 1CH 

sDo@cH 

SDO 6 109CH 
SDO 6 109CH 
SD06109CH 
SD06109CH 
SD06109CH 
SD06109CH 
SDO 6 1 0 9 ~ ~  
SDO 6 109 CH 
SD06109CH 
SD06109CH 
SD06109CH 
SD06109CH 
SD06109CH 
SD06109CH 
SDO 6109CH 
SD06109CH 
SD06109CH 
SD06109CH 
SD06109CH 
SD0612 O C H  
SD0612 OCH 
SDO 612 O C H  
SD06120CH 
SD06120CH 
SD06120CH 
SDO612OCH 
SD06120CH 
SD06120CH 
SDO 6 12 OCH 
SD06120CH 
SD0612 OCH 
SD06120CH 
SD06120CH 
SD06120CH 
SD06120CH 

MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KO 
MQ/KQ 

MQ/KQ 

MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ 

MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ 

1'. 100 
4.200 

4370.000 
16.200 
10.300 
105.000 

19600.000 
76 .SO0 
11.000 

3620 .OOO 
853 .OOO 

.290 
18 i300 

2720.000 
2.400 

148.000 
44.500 
31.100 
973 .OOO 

10500.000 
16.000 
156.000 

.a40 
5.000 

3710.000 
16 .a00 
8.700 

167.000 
20200.000 
190.000 
10.100 

3580.000 
385.000 
17.300 

2970.000 

1.100 
3 .goo 

4300.000 
16.200 
9.800 

102.000 
19800.000 

68.500 
11 .goo 

3660.000 
832.000 

,200 
17.500 

2770.000 
2 .loo 

157.000 
44.400 
30.000 
929.000 

14000.000 
8.800 

171.000 
.960 

3.200 
4130 .OOO 
19.800 
9.100 

176.000 
26800.000 
137.000 
12.300 

43.80.000 
357.000 
17.300 

3450 .OOO 

0.00% 
7.41% 
1.61% 
0 . 0 0 %  
4.98% 
2.90% 
1.02% 
11.55% 
7.86% 
1.10% 
2.49% 
36.73% 
4.47% 
1.82% 
13.33% 
5.90% 
-22% 

3.60% 
4.63% 
28.57% 
62.50% 
9.17% 
13.33% 
43.90% 
10.71% 
20.00% 
4.49% 
5.25% 
28.09% 
32.42% 
19.64% 
20.10% 
7.55% 
0 . 0 0 %  

I 



6/02/95 e Table e 7  
Validation Count8 for Real Sample8 
By Medium and Sample Analyeie 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

. -  
I 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
mTALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

SED11392 
SED11 3 92 
SED11392 
SED11392 
SED11392 
SED11392 
SED13 4 9 2 
SED13492 
SED1349 2 
SED13492 
SED13492 
SED13492 
SED1349 2 
SED13492 
SED1349 2 
SED13492 
SED134 9 2 
SED13492 
SED134 9 2 
SED13492 
SED13 4 9 2 
SED13492 
SED13 4 9 2 
SED13492 
SED13492 
SED13492 
SED13492 
SED13492 
SED14492 
SED14 4 92 
SED14492 
SED14 492 
SED14 492 
SED14492 
SED14 4 9 2 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

SILVER 
SODIUM 
STRONTIUM 
TIN 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
W I U M  
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANQANESB 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SILVER 
SODIUM 
STRONTIUM 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM 
COBALT 

SD06 12 1CH 
SDO 6 12 1CH 
SD06121CH 
SDO 6 1 2 1CH 
SD06121CH 
SDO 6 12 1CH 
SD06139CH 
SDO 6 13 9CH 
SD06139CH 
SDO 6 13 9 CH 
SD0613 9CH 
SDO 6 1 3 9 CH 
SDO 6 13 9 CH 
SD06139CH 
SDO 6139CH 
SD06139CH 
SDO 6 13 9 CH 
SD06139CH 
SD0613 9CH 
SDO 6 13 9 CH 
SDO 6 139CH 
SDO 6 13 9CH 
SD06 139CH 
SDO 6 1 3 9 CH 
SDO 6 1 39CH 
SD06139CH 
SD06139CH 
SDO 61 39CH 
SD06150CH 
SD0615 OCH 
SD06150CH 
SDO 6 15 O C H  
SDO 6 15 OCH 
SD 0 6 15 OCH 
SD06 150CH 

SD06120CH 
SD06120CH 
SD0612 OCH 
SD06120CH 
SD06120CH 
SDO 6 12 OCH 
SD06138CH 
SD06138CH 
SD06138CH 
SD06138CH 
SD06138CH 
SDO 6 1 3 8CH 
SD0613 8CH 
SD06138CH 
SDO 6 1 3 8 CH 
SD06138CH 
SDO 6 1 3 8CH 
SD06138CH 
SDO 613 8CH 
SD06138CH 
SD06138CH 
SD0613 8CH 
SD06138CH 
SDO 6 13 8 CH 
SDO 6 13 8CH 
SDO 6 13 8CH 
SD06138CH 
SDO 6 13 8 CH 
SD06149CH 
S D 0 6 1 4 9 CH 
SD0614 9CH 
SD06149CH 
SD06 149CH 
SD06149CH 
SD06149CH 

MQ/KQ 
W/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ 

MQ/KQ 

MQ/KQ 

MQ/KQ 

MQ/KQ 
MQ/KQ 
m/KQ 

MQ/KQ 
MQ/KQ 

MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 

W/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ. 

4 .goo 3.900 
131 .OOO 158.000 
38.800 47.700 
5.900 7.400 
31.000 35.800 
738.000 612.000 

13400.000 11900.000 
7.100 7.000 

156.000 149.000 
1.200 1.200 
1.200 1.200 

5690.000 5610.000 
13.600 13.600 
9.600 9.700 

109.000 105.000 
17900.000 16800.000 

54.300 58.600 
9.600 9.500 

3550.000 3340.000 
648.000 620.000 
2 .SO0 1.900 

17.200 
2220.000 2010.000 

2.200 2.600 
172.000 138.000 
54.600 51.300 
36.800 31.900 
434 .OOO 427.000 

11900.000 13400.000 
4.400 5.300 

119.000 130.000 
.910 .970 

4230.000 4540.000 
14 -400 

7.600 8 . 8 0 0  

17.700 

12.300 

I 

22.73% 
18.69% 
20.58% 
22.56% 
14.37% 
18.67t 
11.86% 
1.42% 
4.59% 
0.00% 
0 . 0 0 %  
1.42% 
0 . 0 0 %  
1.04% 
3.74% 
6.34% 
7.62% 
1.05% 
6.10% 
4.42% 
27.27% 
2.87% 
9.93% 
16.67% 
21.94% 
6.23% 
14.26% 
1.63% 
11.86% 
18.56% 
8.84% 
6.38% 
7.07% 
15.73% 
14.63% 

I 



Table Q-7 
Validation Counts for Real Samples 
By Medium and Sample Analysis 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
mras 
m'rus 
m r a s  
mrus 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
m r a s  
mrms 
m r u s  
m r u s  
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
mrms 
m r u s  
m'rms 
MEi'rms 
METALS 
METALS 
METALS 
METALS 

SED14492 
SED144 9 2 
SED14492 
SED14492 
SED14492 
SED14 4 9 2 
SED144 9 2 
SED1449 2 
SED14492 
SED14492 
SED14492 
SED14492 
SED1 5 19 2 
SED15192 
SED15192 
SED15192 
SED15192 
SED15192 
SED15192 
SED15 19 2 
SED15192 
SED15192 
SRD15192 
SED1519 2 
SED15192 
SED15192 
SED1519 2 
SED15192 
SED15192 
SED15192 
SED15 19 2 
SED15392 
SED15392 
SED15392 
SED153 9 2 

I ~~ 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

COPPER 
IRON 
LEAD 
LITHIUM 
MRaNBSIUM 
MANGANESE 
NICKEL 
POTASSIUM 
SODIUM 
STRONTIUM 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MRaNESIUM 
MANOANBSE 
NICKEL 
POTASSIUM 
SODIUM 
STRONTIUM 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 

SD06150CH 
SD06 15 O C H  
SD06150CH 
SDO 61 5 O C H  
SD06150CH 
SDO6150CH 
SD06150CH 
SDO 61 50CH 
SD06150CH 
SD06150CH 
SD06150CH 
SD06150CH 
SD062 17CH 
SD062 17CH 
SD06217CH 
SD062 17CH 
SDO 62 17CH 
SD06217CH 
SD06217CH 
SD06217CH 
SD06217CH 
SD06217CH 
SD06217CH 
SD06217CH 
SD06217CH 
SD06217CH 
SD062 17CH 
SD062 17CH 
SD06217CH 
SD06217CH 
SD06217CH 
SDO 6 0 1 3 CH 
SDO 6 0 13CH 
SD06013CH 
SDOE;" 3CH 3 

SDO 6 14 9 CH 
SD06149CH 
SD06149CH 
SD06149CH 
SD06149CH 
SD06149CH 
SD06149CH 
SD06149CH 
SD06 14 9CH 
SD06149CH 
SD06149CH 
SD06149CH 
SDO 62 0 8CH 
SD06208CH 
SDO6208CH 
SDO 62 0 8CH 
SD062 0 8CH 
SD06208CH 
SD06208CH 
SDO 62 0 8CH 
SDO 62 0 8CH 
SD062 08CH 
SD06 208CH 
SD06208CH 
SD06208CH 
SD06208CH 
SD062 0 8CH 
SD062 08CH 
SD06208CH 
SD06208CH 
SD06208CH 
SD06011CH 
SDO 601 1CH 
SD06011CH 
SD06011CH 

MQ/KQ 
MQ/KQ 
MQ/KQ 
-/KO 

MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
m/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ 
MQ/KQ 
W/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ 

MQ/KQ 

MQ/KG 

MQ/KQ 

39.700 
15800.000 

28.000 

2720.000 
495 .OOO 

1750.000 
130.000 
41.800 
32.700 
143.000 

15200.000 
5.600 

197.000 

7310.000 
18.900 
8.600 
46.000 

17300.000 
35.100 
13.400 

4380.000 
194.000 
18.400 

3200.000 
390.000 
60.200 
43.400 
76.900 

15000.000 
5 . 0 0 0  

192.000 
1.200 

9.600 

15 .boo 

1. i o 0  

37.200 
19500.000 

27.000 
10.100 

2980.000 
492.000 
16.400 

1890 .ooo 
159.000 
45.900 
38.700 
155.000 

15200.000 
5.200 

221.000 
1.200 

10100.000 
17.200 
8.600 
40.000 

19500.000 
34.600 
13.600 

4760.000 
246.000 
18.800 

3170.000 
401 .OOO 
75.500 
44.200 
82.300 

13800 .OOO 
4 .SO0 

176.000 
. 800 

6.50% 
20.96% 
3.64% 
5 .08% 
9.12% 
-61% 

8.92% 
7.69% 
20.07% 
9.35% 
16.81% 

8.05% 
0.00% 
7.41% 
11.48% 
8.70% 
32.05% 
9 -42% 
0 . 0 0 %  
13.95% 
11.96) 
1.43% 
1.48% 
8.32% 
23.64% 
2.15% 
.94% 

2.78% 
22.55% 
1.83% 
6.78% 
8.33% 
10.53% 
8.70% 



6/02/95 e Table 6, 
Validation Counte for Real Samplee 
By Medium and Sample Analyeie 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

I 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

SED15392 
SED15392 
SEDl 5 3 9 2 
SED15392 
SED15392 
SED15392 
SED15392 
SED15392 
SED15392 
SED15392 
SED15392 
SED15392 
SBDl 5 3 9 2 
SED15 39 2 
SED15392 
SEDl 5 3 9 2 
SED16092 
SED1 609 2 
SEDl 6092 
SED16092 
SED16092 
SEDl 609 2 
SBDl 6 09 2 
SBDl 6092 
SBDl 6 09 2 
SED16092 
SED16092 
SED16092 
SED16092 
SBDl 6092 
SED16092 
SEDl 6092 
SED16092 
SED16092 
SED16092 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESB 
NICKEL 
POTASSIUM 
SILVER 
SODIUM 
STRONTIUM 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
NICKEL 
POTASSIUM 
SODIUM 
STRONTIUM 
TIN 
VANADIUM 

SDO 60 13CH 
SDO 6 0 13CH 
SD06013CH 
SD06013CH 
SD06013CH 
SDO 6 0 13CH 
SD06013CH 
SD06013CH 
SD06013CH 
SD06013CH 
SD06013CH 
SDO 601 3CH 
SD06013CH 
SDO 6 0 13CH 
SDO 6 0 13CH 
SD06013CH 
SDO 6 163CH 
SD06163CH 
SDO 6 163CH 
SDO 6 1 6 3 CH 
SD06163CH 
SDO 6 163CH 
SDO 6 16 3 CH 
SDO 61 63 CH 
SD06163CH 
SDO 6 16 3CH 
SDO 6 16 3 CH 
SDO 6 1 6 3 CH 
SDO 6 16 3 CH 
SDO 6 1 6 3 CH 
SDO 6 163CH 
SD06163CH 
SD06163CH 
SDO 6 16 3 CH 
SDO 6 163CH 

SD06011CH 
SDO 601 1CH 
SD06011CH 
SD06011CH 
SD0601lCH 
SDO6OllCH 
SD06011CH 
SD06011CH 
SD06011CH 
SDO 6 01 1CH 
SD06011CH 
SDO 6 0 1 1CH 
SD06011CH 
SDO 6 0 11CH 
SD06011CH 
SD06011CH 
SDO 6 162CH 
SD06162CH 
SD06162CH 
SD06162CH 
SDO 6 16 2CH 
SD06162CH 
SDO 6 16 2CH 
SDO 6 162CH 
SDO 6 162CH 
SD06162CH 
SD06162CH 
SD06162CH 
SD06 162CH 
SD06162CH 
SDO 6 162CH 
SD06162CH 
SD06162CH 
SDO 6 1 6 2 CH 
SD06162CH 

, 

MQ/KQ 
MQ/KQ 

MQ/KQ 
MQ/KQ 
W/KQ 

MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ 

MQ/KQ 

MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KQ 
MQ/KQ 

W/KQ 

MQ/KQ 
M(3/KQ 

MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/Kd 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 
MQ/KQ 

MQ/KG 
MQ/KG 

MQ/KQ 
MQ/KG 

MQ/KQ 

W/KQ 

10800.000 
15. S O 0  
10.100 
28.400 

21700.000 
31.100 
13.500 

4170.000 
359.000 
18.800 

3120.000 
1.900 

256.000 
71.600 
45.200 
77.700 

18300.000 
10.400 
250.000 
1.000 

42000.000 
22.100 
8.100 
22.100 

22300.000 
37.000 
10.200 

4690.000 
485.000 
15.300 

3450.000 
430.000 
190.000 
51.400 
42.300 

8900.000 
14.400 
9.500 
25.900 

17500.000 
36.900 
11.900 

3990.000 
240.000 
15.400 

2950.000 
2.000 

234.000 
60.600 
39.800 
71.200 

17900.000 
4.400 

254.000 
1.400 

40500.000 
20.900 
8.900 
22.800 

22100 .ooo 
30.100 
13.400 

4730.000 
498 .OOO 
17.000 

3360 .OOO 
690.000 
188.000 
43.800 
44.200 

', 

19.29% 
9 .90% 
6.12% 
9.21% 
21.43% 
17.06% 
12.60% 
4.41% 
39.734 
19.88% 
5.60) 
5.13% 
8.98% 
16.64% 
12.71% 
8.73% 
2 -21% 
81.08% 
1.59% 
33.33% 
3.64% 
5.58% 
9.41% 
3.12% 
.90% 

20.57% 
27.12% 

-85% 
2.64% 
10.53% 
2.64% 

46.43% 
1.06% 
15.97% 
4.39% 



6/02/!95 Table (3-7 
Validation Counte for Real Samplee 
By Medium and Sample Analyeie 

Sample Locat ion Duplicate Real Real DUP 
Medium Analyeie Code T/D Chemical Name Sample Num Sample Num Unite Reeult Result RPD 

SD 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

METALS SED16092 T ZINC 

RADIONUCLIDES SED00292 
RADIONUCLIDES SED00292 
RADIONUCLIDES SED00292 
RADIONUCLIDES SED00292 
RADIONUCLIDES SED00292 
RADIONUCLIDES SED00892 
RADIONUCLIDES SED00892 
RADIONUCLIDES SED00892 
RADIONUCLIDES SED00892 
RADIONUCLIDES SED00892 
RADIONUCLIDES SED00892 
RADIONUCLIDES SED00892 
RADIONUCLIDES SED01392 
RADIONUCLIDES SED01392 
RADIONUCLIDES SED01392 
RADIONUCLIDES SED01392 
RADIONUCLIDES SED01392 
RADIONUCLIDES SED01392 
RADIONUCLIDES SED01392 
RADIONUCLIDES SED01792 
RADIONUCLIDES SED01792 
RADIONUCLIDES SED01792 
&lDIONUCLIDES SED01792 
RADIONUCLIDES SED01792 
RADIONUCLIDES SED01792 
RADIONUCLIDES SED01792 
RADIONUCLIDES SED01792 
RADIONUCLIDES SED02092 
RADIONUCLIDES SED02092 
RADIONUCLIDES SED02092 
RFUlIONUCLIDES SED02092 
WU)IONUCLIDES SED02092 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

GROSS ALPHA 
GROSS BETA 
PLVrONIUM-239/240 
RADIUM-226 
RADIUM- 2 2 8 
GROSS ALPHA 
GROSS BETA 
RADIUM-226 
RADIUM-228 
URANIUM-233/234 
URANIUM-235 
URANIUM- 238 
AMBRICIUM-241 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM- 239 /24 0 
URANIUM-233/234 
URANIUM-235 
URANIUM- 2 3 8 
AMERICIUM-241 
GROSS ALPHA 
GROSS BETA 
PLVPONIUM-239/240 
TRITIUM 
URANIUM-233/234 
URANIUM- 235 
URANIUM- 2 3 8 
AMERICIUM- 24 1 
GROSS ALPHA 
GROSS ALPHA 
GROSS BETA 
GROSS BETA 

SED02092 T PLVrONIUM-239/240 

I 

SD06163CH SD06162CH MQ/KQ 

SW80206WCU3 SD00383WCU3 PCI/Q 
SW80206WCU3 SD00383WCU3 PCI/Q 
SW80206WCU3 SD00383WCU3 PCI/Q 
SW80206WCU3 SD00383WCU3 PCI/Q 
SW80206WCU3 SD00383WCU3 PCI/Q 
SW80204WCU3 SD00381WCU3 PCI/Q 
SW80204WCU3 SD00381WCU3 PCI/G 
SW80204WCU3 SD00381WCU3 PCI/Q 
SW80204WCU3 SD00381WCU3 PCI/Q 
SW80204WCU3 SD00381WCU3 PCI/Q 
SW80204WCU3 SD00381WCU3 PCI/Q 
SW80204WCU3 SD00381WCU3 PCI/G 
SW80226WCU3 SD00391WCU3 PCI/Q 
SW80226WCU3 SD00391WCU3 PCI/Q 
SW80226WCU3 SD00391WCU3 PCI/Q 
SW80226WCU3 SD00391WCU3 PCI/Q 
SW80226WCU3 SD00391WCU3 PCI/Q 
SW80226WCU3 SD00391WCU3 PCI/Q 
SW80226WCU3 SD00391WCU3 PCI/G 
SW80241NCU3 SD00393WCU3 PCI/Q 
SW80241WCU3 SD00393WCU3 PCI/Q 
SW80241WCU3 SD00393WCU3 PCI/Q 
SW80241WCU3 SD00393WCU3 PCI/Q 
SW80241WCU3 SD00393WCU3 PCI/L 
SW80241WCU3 SDOO393WCU3 PCI/Q 
SW80241WCU3 SD00393WCU3 PCI/Q 
SW80241WCU3 SDOO393WCU3 PCI/Q 
SW80243WCU3 SD00454WCU3 PCI/G 
SW80243WCU3 SD00454WCU3 PCI/G 
SD06003CH SD06002CH PCI/G 
SW80243WCU3 SD00454WCU3 PCI/Q 
SD06003CH SD06002CH PCI/Q 
SWP'343WCU3 SD00454WCU3 PCI/G a 

99.700 

28.000 
23.000 

.300 
-850 

1.300 
15.000 
20.000 
1.200 
.970 

1.200 
.040 

1.400 
.046 

17.000 
20.000 

.069 
1 .ooo 
.OS7 
.790 
.033 

17.610 
31.060 

.179 
77.000 
1.455 
.lo1 

1.607 
.010 

14.300 
33.000 
22.000 
36.000 

.002 

97.100 

40.000 
23.000 

.140 
-810 

1.200 
14.000 
13.000 
1.200 
1.300 
1.900 
.045 

1.800 
.042 

50.000 
37.000 

.076 
1.300 
.llO 

1.400 
.028 

19.350 
27.850 

.195 
192.000 
1.477 
,014 

1.376 
.008 

9.280 
37.000 
24.000 
28.000 

.009 

2.64% 

35.29% 
0 . 0 0 %  

72.73% 
4.82% 
8.00% 
6.90% 

42.42% 
0.00% 
29.07% 
45.16% 
11.76% 
25.00% 
9.09% 
98.51% 
59.65% 
9.66% 

63.47% 
55.71% 
16.26% 
9.42% 
10.90% 
8.40% 

85.50% 
1.50% 

149.84% 
15.49% 
24.97% 
42.58% 
11.43% 
8.70% 
25.00% 

.26.09% 
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SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

I 

RADIONUCLIDES SED02092 
RADIONUCLIDES SED02092 
RADIONUCLIDES SED02092 
RADIONUCLIDES SED02092 
RADIONUCLIDES SED02092 
RADIONUCLIDES SED02092 
RADIONUCLIDES SED03692 
RADIONUCLIDES SED03692 
RADIONUCLIDES SED03692 
RADIONUCLIDES SED03692 
RADIONUCLIDES SED03692 
RADIONUCLIDES SED03692 
RADIONUCLIDES SED03692 
RADIONUCLIDES SED03992 
RADIONUCLIDES SED03992 
RADIONUCLIDES SED03992 
RADIONUCLIDES SED03992 
RADIONUCLIDES SED03992 
RADIONUCLIDES SED04492 
RADIONUCLIDES SED04492 
RADIONUCLIDES SED04492 
RADIONUCLIDES SED04492 
RADIONUCLIDES SED04492 
RADIONUCLIDES SED04992 
RADIONUCLIDES SED05892 
RADIONUCLIDES SED05892 
RADIONUCLIDES SED05892 
RADIONUCLIDES SED05892 
RADIONUCLIDES SED05892 
RADIONUCLIDES SED05892 
RADIONUCLIDES SED05892 
RADIONUCLIDES SED05892 
RADIONUCLIDES SED05892 
RADIONUCLIDES SED05892 
RADIONUCLIDES SED06992 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

Tab1 @7 
Validation Counts for Real Samples 
By Medium and Sample Analysis 

Duplicate Real Real DUP 
RPD Result Chemical Name Sample Num Sample Num Units Result 

URANIUM-233/234 
URANIUM-233/234 
URANIUM-235 
URANIUM-235 
URANIUM- 2 3 8 
URANIUM-238 
GROSS ALPHA 
GROSS BETA 
RADIUM-226 
RADIUM- 22 8 
STRONTIUM-B9/90 
URANIUM-233/234 
URANIUM-238 
GROSS BETA 
PLUMNIUM-239/240 
URANIUM-233/234 
URANIUM- 23 5 
URANIUM-238 
GROSS ALPHA 
GROSS BETA 
URANIUM-233/234 
URANIUM- 2 3 5 
URANIUM- 238 
GROSS BETA 
AMERICIUM-241 
CESIUM- 137 
GROSS ALPHA 
GROSS BETA 
RADIUM-226 
RADIUM-228 

URANIUM-233/234 
URANIUM-235 
URANIUM- 23 8 
AMERICIUM- 24 1 

STRONTIUM-B~/~O 

. SW80243WCU3 SD00454WCU3 PCI/Q 
SD06003CH SD06002CH PCI/O 
SW80243WCW3 SD00454WCU3 PCI/O 
SD06003CH SD06002CH PCI/Q 
SW80243WCU3 SD00454WCU3 PCI/Q 
SD06003CH SD06002CH PCI/O 
SW80212WCU3 SD00360WCU3 PCI/Q 
SW80212WCU3 SD00360WCU3 PCI/Q 
SW80212WCU3 SD00360WCU3 PCI/O 
SW80212WCU3 SD00360WCU3 PCI/O 
SW80212WCU3 SD00360WCU3 PCI/Q 
SW80212WCU3 SD00360WCU3 PCI/Q 
SW80212WCU3 SD00360WCU3 PCI/O 
SW80214WCU3 SD00363WCU3 PCI/O 
SW80214WCU3 SD00363WCU3 PCI/O 
SW80214WCU3 SD00363WCU3 PCI/Q 
SW80214WCU3 SD00363WCU3 PCI/O 
SW80214WCU3 SD00363WCU3 PCI/Q 
SW80216WCU3 SDOO368WCU3 PCI/O 
SW80216WCU3 SDOO368WCU3 PCI/Q 
SW80216WCU3 SDOO368WCU3 PCI/O 
SW80216WCU3 SD00368WCU3 PCI/Q 
SW80216WCU3 SD00368WCU3 PCI/Q 
SW80208WCU3 SD00384WCU3 PCI/Q 
SW80201WCU3 SD00345WCU3 PCI/Q 
SW80201WCU3 SD00345WCU3 PCI/Q 
SW80201WCU3 SD00345WCU3 PCI/O 
SW80201WCU3 SD00345WCU3 PCI/O 
SW80201WCU3 SD00345WCU3 PCI/G 
SW80201WCU3 SD00345WCU3 PCI/Q 
SW80201WCU3 SD00345WCU3 PCI/Q 
SW80201WCU3 SD00345WCU3 PCI/O 
SW80201WCU3 SD00345WCU3 PCI/O 
SW80201WCU3 SD00345WCU3 PCI/Q 
SW80202WCU3 SD00351WCU3 PCI/O 

I 

.a19 

.670 

.047 

.065 

.668 

.620 
21.000 
13.000 

.a20 
1.000 
.350 
.580 
.E80 

13.000 
.087 
.320 
.034 
.360 

31.000 
32.000 
1.700 
.073 

1.600 
15.000 

.018 

.190 
18.000 
21 .ooo 
1 .ooo 
1.700 
.230 
.740 
.031 

' .980 
.009 

.a44 

.a00 

.026 
-032 
.733 
.520 

20.000 
14.000 

.790 
1.200 
-260 
.650 
.E60 

30.000 
.016 

1.600 
,096 

1.600 
5.100 
6.600 
.190 
.026 
.220 

10.000 
.009 
.230 

23.000 
24.000 
1.000 
1.400 
.270 
.980 
.099 

1.100 
. OQ6 

I 

3.01% 
17.69% 
59.15% 
68.04% 
9.28% 
17.54% 
4 .BO% 
7.41% 
3.73% 
18. 18% 
29.51% 
11.38% 
2.30% 
79.07% - 
137.86% 
133.33% 
95.38% 
126.53% 
143.49% 
131.61% 
159.79% 
94.95% 
151.65% 
40.00% 
66.67% 
19.05% 
24.39% 
13.33% 

0.00% 
19- 35% 
16.00% 
27.91% 
104.62% 
11.54% 
40.00% 

1. 
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SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

8 

RADIONUCLIDES SED06992 
RADIONUCLIDES SED06992 
RADIONUCLIDES SED06992 
RADIONUCLIDES SED06992 
RADIONUCLIDES SED06992 
RADIONUCLIDES SED06992 
RADIONUCLIDES SED06992 
RADIONUCLIDES SED07592 
RADIONUCLIDES SED07592 
RADIONUCLIDES SED07592 
RADIONUCLIDES SED07592 
RADIONUCLIDES SED07592 
RADIONUCLIDES SED07592 
RADIONUCLIDES SED07592 
RADIONUCLIDES SED08192 
RADIONUCLIDES SED08192 
RADIONUCLIDES SED08192 
RADIONUCLIDES SED08192 
RADIONUCLIDES SED08192 
RADIONUCLIDES SED08192 
RADIONUCLIDES SED08392 
RADIONUCLIDES SED08392 
RADIONUCLIDES SED08392 
RADIONUCLIDES SED08392 
RADIONUCLIDES SED08392 
RADIONUCLIDES SED08392 
RADIONUCLIDES SED08592 
RADIONUCLIDES SED08592 
RADIONUCLIDES SED08592 
RADIONUCLIDES SED08592 
RADIONUCLIDES SED08592 
RADIONUCLIDES SED08692 
RADIONUCLIDES SED08692 
RADIONUCLIDE9 SED08692 

CLIDES SED08692 
I 

1 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T. 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

Table Q-7 
Validation Count8 for Real Sample8 
By Medium and Sample Analysie 

GROSS ALPHA 
GROSS BETA 
RADIUM-226 
RADIUM-228 
URANIUM-233/234 
URANIUM-235 
URANIUM-238 
AMERICIUM- 24 1 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM-235 
URANIUM- 2 3 8 
AMERICIUM-241 
PLUTONIUM-239/240 
POLONIUM-210 
URANIUM- 23 3 /a34 
URANIUM-235 
URANIUM-238 
AMERICIUM-241 
PLUTONIUM-239/240 
POUIWIUM-210 
URANIUM-233/234 
URANIUM- 2 3 5 
URANIUM-238 
PLUToNIUM-239/240 
POLONIUM-210 
URANIUM-233/234 
URANIUM-235 
URANIUM-238 
PLUTONIUM-239/240 
POLONIUM-210 
URANIUM- 233/234 
URANIUM- 23 5 

SW80202WCU3 SD00351WCU3 PCI/O 
SW80202WCU3 SD00351WCU3 PCI/Q 
SW80202WCU3 SD00351WCU3 PCI/Q 
SW80202WcO3 SD00351WCU3 PCI/Q 
SW80202WCU3 SD00351WCU3 PCI/Q 
SW80202WCU3 SD00351WCU3 PCI/Q 
SW80202WCU3 SD00351WCU3 PCI/Q 
SW80229WCU3 SD00374WCU3 PCI/Q 
SW80229WCU3 SD00374WCU3 PCI/Q 
SW80229WCU3 SD00374WCU3 PCI/G 
SW80229WCU3 SD00374WCU3 PCI/Q 
SW80229WCU3 SD00374WCU3 PCI/Q 
SW80229WCU3 SD00374WCU3 PCI/Q 
SW80229WCU3 SD00374WCU3-PCI/Q 
SD064 1 OCH 
SD064 1 O C H  
SDO 6 4 1 OCH 
SD064 1 OCH 
SD064 1 OCH 
SD06410CH 
SD06468CH 
SD064 68CH 
SD06468CH 
SD064 68CH 
SD06468CH 
SD06468CH 
SD06521CH 
SD0652l& 
SD06521CH 
SDO 6 52 1CH 
SD06521CH 
SD06548CH 
SD06548CH 
SD06548CH 

SD064 09CH 
SD06409CH 
SD06409CH 
SDO 64 09CH 
SDO 64 09CH 
SD06409CH 
SDO 64 6 7CH 
SD06467CH 
SD06467CH 
SDO 64 6 7CH 
SDO 6 4 6 7CH 
SDO 64 67CH 
SD06520CH 
SDO 652 OCH 
SD0652OCH 
SD0652 OCH 
SD06520CH 
SD06547CH 
SD0654 7CH 
SD0654 7CH 
SD06547CH 

PCI /a 
PCI /Q 
PCI/Q 
PCI /Q 
PCI/Q 
PCI /Q 
PCI/Q 
PCI/Q 

PCI /Q 

PCI/Q 
PCI/Q 

PCI /Q 
PCI /Q 
PCI/Q 
PCI/Q 
PCI /Q 
PCI /Q 
PCI/Q 

PCI /a 

PCI /a 

PCI/Q 

26 .OOO 
21 .ooo 
1.000 
1.200 
.920 
.OS6 
.990 
.008 

29.000 
27 .OOO 

.039 
. -660 

.013 
1 .ooo 
.021 
.043 
.339 

1.700 
.067 

1.740 
.016 
.lo1 

1.330 
2.220 
.llO 

2.470 
.078 

1.153 
1.065 
.042 

1.044 
.136 

2.411 
1.506 
.143 

28.000 
20.000 

.940 

1.000 
.046 

1.100 
.005 

25.000 
25.000 

.005 

.860 

.012 

.780 

.007 

.OS6 

.270 
2.120 
.093 

1.920 
.049 
.240 

1.740 
2.310 
.130 

2.120 
-076 

1.319 
.910 
.077 

1.159 
.164 

2.286 
1.534 

1.000, 

7.41% 
4.88% 
6.19% 
18.18% 
8.33% 
19.61% 
10.53% 
46.15% 
14.81% 
7.69% 

154.55% 
26.32% 
8.00% 
24.72% 
104.05% 
26.30% 
22.66% 
21.99% 
31.75% 
9.84% 
99.85% 
81.52% 
26.71% 
3.97% 
16.67% 
15.25% 
1.93% 
13.43% 
15.72% 
58.12% 
10.44% 
18.49% 
5.32% 
1.84% 
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6 /02 /95 Table (3-7 

Validation Counts for Real Samples 
By Medium and Sample Analysis 

Sample Locat ion Dupl icat e 
Medium Analysis Code T/D Chemical Name Sample Num 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

RADIONUCLIDES SED08692 
RADIONUCLIDES SED08892 
RADIONUCLIDES SED08892 
RADIONUCLIDES SED08892 
RADIONUCLIDES SED08892 
RADIONUCLIDES SED08892 
RADIONUCLIDES SED08992 
RADIONUCLIDES SED08992 
RADIONUCLIDES SED08992 
RADIONUCLIDES SED08992 
RADIONUCLIDES SED08992 
RADIONUCLIDES SED09192 
RADIONUCLIDES SED09192 
RADIONUCLIDES SED09192 
RADIONUCLIDES SED09192 
RADIONUCLIDES SED09192 
RADIONUCLIDES SED10392 
RADIONUCLIDES SED10392 
RADIONUCLIDES SED10392 
RADIONUCLIDES SED10392 
RADIONUCLIDES SED10392 
RADIONUCLIDES SED10392 
RADIONUCLIDES SED10392 
RADIONUCLIDES SED11392 
RADIONUCLIDES SED11392 
RADIONUCLIDES SED11392 
RADIONUCLIDES SED11392 
RADIONUCLIDES SED11392 
RADIONUCLIDES SED11392 
RADIONUCLIDES SED13492 
RADIONUCLIDES SED13492 
RADIONUCLIDES SED13492 
RADIONUCLIDES SED13492 
RADIONUCLIDES SED13492 
RADIONUCLIDES SED13492 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

URANIUM- 23 8 
AMERICIUM- 241 
PLUTONIUM- 239 /24 0 
URANIUM-233/234 
URANIUM-235 
URANIUM- 2 3 8 
PLUTONIUM-239/240 
POLONIUM-210 
URANIUM-233/234 
URANIUM- 235 
URANIUM-238 
PLUTONIUM- 239 /24 0 
POLONIUM-210 
URANIUM-233/234 
URANIUM-235 
W I U M - 2 3 8  
AMERICIUM-241 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM-235 
URANIUM- 23 8 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM- 235 
URANIUM-238 
AMERICIUM- 241 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM- 2 3 5 

SD0654 8CH 
SD06671CH 
SD06671CH 
SD06671CH 
SD06671CH 
SD06671CH 
SD06694CH 
SD06694CH 
SD06694CH 
SD06694CH 
SD06694CH 
SD06613CH 
SDO 6 6 13CH 
SDO 6 6 13CH 
SD06613CH 
SD06613CH 
SDO6llOCH 
SD06110CH 
SDO6llOCH 
SDO6llOCH 
SDO6llOCH 
SD06 11 OCH 
SDO 6 1 lOCH 
SD06121CH 
SD06121CH 
SD06121CH 
SD06121CH 
SD06121CH 
SD06121CH 
SDO 6 13 9CH 
SDO 6 1 3 9 CH 
SDO 6 13 9 CH 
SD06139CH 
SDO 6 13 9CH 
SD06 139CH 

Real 
Sample Num 

Real DUP 
Units Result Result RPD 

SD06547CH 
SD06670CH 
SDO 6 670CH 
SDO 6 6 7 OCH 
SD06670CH 
SD06670CH 
SDO 6 6 9 3 CH 
SD06693CH 
SDO 6 69 3CH 
SD06693CH 
SDO 6 6 9 3 CH 
SDO 6 6 12CH 
SDO 6 6 12 CH 
SD06612CH 
SD06612CH 
SD06612CH 
SDO 6 109 CH 
SD06109CH 
SDO6 109CH 
SD06109CH 
SDO 6 10 9 CH 
SDO 6 10 9 CH 
SDO 6 1 0 9 CH 
SD06120CH 
SD06120CH 
SD06120CH 
SD06120CH 
SDO 6 1 2 0 CH 
SD06120CH 
SD06138CH 
SD06138CH 
SD0613 8CH 
SD06138CH 
SDO 6 13 8 CH 
SDO 6 13 8 CH 

PCI/Q 
PCI /Q 
PCI /Q 
PCI/Q 
PCI /Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI /Q 
PCI/Q 

PCI/Q 
PCI/G 

PCI/Q 

PCI /a 
PCI /Q 

PCI/Q 
PCI /a 

PCI/Q 

PCI/G 

PCI/Q 

PCI /Q 
PCI /Q 

PCI/Q 

PCI /Q 
PCI /Q 
PCI/Q 
PCI /Q 

PCI /Q 
PCI /a 

PCI /a 
PCI /a 
PCI /Q 
PCI /Q 
PCI /Q 
PCI/Q 

1.561 
.006 
.OOl 

1.030 
.os1 

1.030 
.600 

2.634 
1.300 
.036 

1.236 
4.030 
2.350 
1.210 
.OS8 

1.160 
.009 

23.770 
27.970 

.038 
2.135 
-098 

2.116 
19.100 
20.000 

.012 

.467 

.008 

.617 

.206 
21 -400 
23.500 

.lo3 
1.580 
.094 

1.530 
.004 
. 005  

1.120 
.013 

1.180 
.556 

2.819 
1.430 
.059 

1.103 
4.870 
2.350 
.962 
,036 

1.210 
.020 

25.620 
29.400 

.016 
2.206 
.163 

2.089 
16.200 
20.400 

.030 

.429 
-010 
.439 
.094 

20.600 
28.700 

.145 
1.500 
.121 

I, 

2.01% 
54.69% 
122.88% 
8.37% 

118.75% 
13.57% 
7.59% 
6.79% 
9.52% 
47.90% 
11.37% 
18.88% 

0 . 0 0 %  
22.84% 
46.19% 
4.22% 
74.20% 
7.49% 
4.99% 
82.48% 
3.27% 
49.66% 
1.28% 
16.43% 
1.98% 
86.41% 
8.48% 
18.58% 
33.71% 
74.76% 
3.81% 

19.92% 
33.87% 
5.19% 
25.12% 
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SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

SD 
SD 

SD 
SD 
SD 
SD 
SD 
SD 

RADIONUCLIDES SED13492 
RADIONUCLIDES SED14492 
RADIONUCLIDES SED14492 
RADIONUCLIDES SED14492 
WUIIONUCLIDES SED14492 
RADIONUCLIDES SED14492 
RADIONUCLIDES SED14492 
IRADIONUCLIDES SED14492 
RADIONUCLIDES SED15192 
IMDIONUCLIDES SED15192 
RADIONUCLIDES SED15192 
RADIONUCLIDES SED15192 
IRADIONUCLIDES SED15192 
RADIONUCLIDES SED15192 
IRADIONUCLIDES SED15192 
IRADIONUCLIDBS SED15392 
RADIONUCLIDES SED15392 
lRADIONUCLIDES SED15392 
RADIONUCLIDES SED16092 
RADIONUCLIDES SED16092 
RADIONUCLIDES SED16092 
RADIONUCLIDES SED16092 
RADIONUCLIDES SED16092 
IRADIONUCLIDES SED16092 
IRADIONUCLIDES SED16092 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T. 
T 
T 
T 
T 

W A S  SED07592 T 
VOAS SED15392 T 

WATER-QUALITY SED00292 T 
WATER-QUALITY SED00892 T 
WATER-QUALITY SED01792 T 
WATER-QUALITY SED02092 T 
WATER-QUALITY SED03692 T 
WATER-QUALITY SED03992 T 

Table 6-7 
Validation Counts for Real Samples 

By Medium and Sample Analysis 

URANIUM-238 
AMERICIUM-241 
GROSS ALPHA 
GROSS BETA 
PLVPONIUM-239/240 
URANIUM-233/234 
URANIUM-235 
URANIUM- 2 3 8 
AMERICIUM-241 
QROSS ALPHA 
GROSS BETA 
PLWNIUM-239/240 
URANIUM-233/234 
URANIUM- 23 5 
URANIUM-238 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM-239/240 
AMERICIUM- 24 1 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM-235 
URANIUM-238 

MBTHYLENE CHLORIDE 
ACETONE 

% SOLIDS 
% SOLIDS 
4 SOLIDS 
% SOLIDS 
% SOLIDS 
% SOLIDS 

SDO 6 13 9CH 
SD06150CH 
SD06150CH 
SD06150CH 
SD06150CH 
SD06150CH 
SDO 6150CH 
SD06150CH 
SD06217CH 
SD06217CH 
SD062 17CH 
SD06217CH 
SD06217CH 
SD06217CH 
SD06217CH 
SDO 6 01 3CH 
SD06013CH 
SDO 6 0 13 CH 
SD06163CH 
SDO 6 16 3 CH 
SDO 6 163CH 
SDO 6 16 3CH 
SD06163CH 
SDO 6 16 3CH 
SDO 6 163CH 

SD0613 8CH 
SD06149CH 
SDO 614 9CH 
SD0614 9CH 
SD06149CH 
SD06149CH 
SD06 149CH 
SDO 6 14 9CH 
SD06208CH 
SD06208CH 
SD06208CH 
SD06208CH 
SD06 2 0 8CH 
SD06208CH 
SD06208CH 
SD 0 6 0 1 1CH 
SD06011CH 
SD06011CH 
SD06162CH 
SDO 6 16 2CH 
SD06162CH 
SD06 162CH 
SD06162CH 
SDO 6 16 2CH 
SD06162CH 

PCI/Q 
PCI/Q 
PCX/Q 
PCI/Q 

PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI /a 
PCI/Q 
PCI /Q 
PCI/Q 
PCI/Q 
PCI /Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/G 

PCI/G 

PCI/Q 

SW80229WCU3 SD00374WCU3 uCr/KQ 
SD06013CH SD06011CH UQ/Ka 

SW80206WCU3 SD00383WCU3 % 
SW80204WCU3 SD00381WCU3 % 
SW80241WCU3 SD00393WCU3 % 
SW80243WCU3 SD00454WCU3 % 
SW80212WCU3 SD00360WCU3 % 
SWPO214WCU3 SD00363WCU3 I: 

0 

1.550 
.013 

12. SO0 
15.900 

.014 

.923 

.008 

.775 

.091 
24.280 
29.440 

.488 
1.279 
.012 

1.634 
41.000 
40.000 

.400 

.075 
22.210 
28.880 

.439 
1.574 
.071 

1.297 

2.000 
17.000 

71.800 
71.500 
46.900 
92.800 
75.200 
78.300 

1 A 0 0  
.018 

13.400 
14.900 

.066 

.921 

.042 
1.070 
.076 

21.900 
27.330 

1.640 
.016 

1.960 
42.000 
37.000 

.210 

.071 
18.070 
27.040 

-331 
1.680 
.035 

1.414 

2.000 
100.000 

72.700 
70.400 
48.100 
93.200 
75.400 
77.900 

.395 

10.17% 
34.21% 
6.95% 
6.49% 

128.86% 
.22% 

137.72% 
31 -98% 
17.44% 
10.31% 
7.43% 

21.07% 
24.73% 
29.03% 
18.14% 
2.41% 
7.79% 
62.30% 
5.06% 
20.56% 
6.58% 
27.88% 
6.52% 
68.38% 
8.63% 

0.00% 
141.88t 

1.25% 
1.55% 
2.53% 
.43% 
.27% 



6/02/95 Table 0-7 
Validation Counts for Real Samples 

By Medium and Sample Analysis 

Sample Location Dupl hat e Real Real DUP 
Medium Analysis Code T/D Chemical Name Sample Num Sample Num Units Result Result RPD 

SD 
SD 
SD 
SD 

ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 

WATER-QUALITY SED04492 
WATER-QUALITY SED04992 
WATER-QUALITY SED05892 
WATER-QUALITY SED06992 

RADIONUCLIDES PT14092 
RADIONUCLIDES PT14092 
RADIONUCLIDES PT14092 
RADIONUCLIDES PT14092 
RADIONUCLIDES PT14092. 
RADIONUCLIDES PT14092 
RADIONUCLIDES PT14092 
RADIONUCLIDES PT14092 
RADIONUCLIDES PT14092 
RADIONUCLIDES PT14892 
RADIONUCLIDES PT14892 
RADIONUCLIDES PT14892 
RADIONUCLIDES PT14892 
RADIONUCLIDES PT14892 
RADIONUCLIDES PT14892 
RADIONUCLIDES PT14892 
RADIONUCLIDES PT16092 
RADIONUCLIDES PT16092 
RADIONUCLIDES PT16092 
RADIONUCLIDES PT16092 
RADIONUCLIDES PT16092 
RADIONUCLIDES PT16092 
RADIONUCLIDES PT16092 
RADIONUCLIDES PT16092 
RADIONUCLIDES PT16092 
RADIONUCLIDES PT16192 
RADIONUCLIDES PT16192 
RADIONUCLIDES PT16192 
RADIONUCLIDES PT16192 
RADIONUCLIDES PT16192 

T % SOLIDS 
T % SOLIDS 
T % SOLIDS 
T % SOLIDS 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

AMERICIUM- 24 1 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM-233/234 
URANIUM-235 
URANIUM- 2 3 5 
URANIUM- 23 8 
URANIUM-238 
PLvPONIUM-239/240 
URANIUM-233/234 
URANIUM-233/234 
URANIUM-235 
URANIUM-235 
URANIUM- 238 
URANIUM- 238 
AMERICIUM-241 
PLUTONIUM-239/240 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM- 233/234 
URANIUM- 23 5 
URANIUM-235 
URANIUM-238 
URANIUM- 2 3 8 
AMERICIUM-241 
AMERICIUM- 24 1 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM-233/234 

SW80216WCU3 SDOO368WCU3 % 
SW80208WCU3 SD00384WCU3 
SW80201WCU3 SD00345WCU3 
SW80202WCU3 SD00351WCU3 

SS04 53 1CH 
SS 0 4 5 3 OCH 
SS04531CH 
SS 04 53 OCH 
SS 04 5 3 1CH 
SS 0 4 5 3 OCH 
SS04 53 1CH 
SS04530CH 
SS04531CH 
SS04547CH 
SS04546CH 
SS04547CH 
SS04546CH 
SS 0 4 54 7CH 
SS04546CH 
SS04 54 7CH 
S S 04 5 7 OCH 
SS 04 570CH 
SS04571CH 
SS04 5 7 OCH 
SS04571CH 
SS04570CH 
SS04 5 7,lCH 
SS04570CH 
SS04571CH 
SS04 5 72CH 
S S 04 5 7 3 CH 
SS04 5 7 3CH 
SS04572CH 
SS04573CH 

SS04031CH 
SS04030CH 
SS04031CH 
SS04030CH 
SS04031CH 
SSO403OCH 
SS04031CH 
SS 0 4 0 3 OCH 
SS 0 4 03 1CH 
SS04 047CH 
SS04046CH 
SS04047CH 
SS04046CH 
SS 0 4 0 4 7CH 
SS04046CH 
SS 0 4 0 4 7CH 
SS04070CH 
SS 0 4 0 7 OCH 
SS 04 0 7 1CH 
SS04070CH 
SS04071CH 
SS04 07 OCH 
SS04071CH 
SS 0 4 0 7 OCH 
SS04071CH 
S SO 4 0 7 2CH 
SS04073CH 
SS04 0 73CH 
SS 0 4 0 7 2 CH 
SS04073CH 

% 
% 
% 

PCI/Q 

PCI /a 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/G 

PCI/Q 
PCI/Q 

PCI/Q 
PCI/Q 
PCI/Q 

PCI/Q 

PCI/Q 
PCI/Q 
'PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/cI 

PCI/Q 
PCI/Q 

PCI/Q 

PCI/Q 

PCI/Q 

78.300 
78.700 
64.000 
72.600 

.017 
-024 
.017 

1.200 
.940 
.OS7 
.llO 

1.200 
.740 
.007 
.850 

1.100 
.066 
-052 

1.100 
.870 
.006 
.046 
.036 
,810 

1.000 
.030 
.013 

1.000 
.850 
.019 
-013 
-052 

1.265 
1.240 

78.200 
77.800 
66.500 
73.100 

.010 

.044 

.OS4 

.920 
-970 
.140 
.OS1 

1.100 
.goo 
.OlO 
.940 
.goo 
.034 
.069 
.960 
.780 
.016 
-061 
.036 
.910 

1.000 
.038 
.033 
.940 

1.100 
.OlO 
.007 
.032 

1.283 
1.310 

.13% 
1.15% 
3.83% 
.69% 

51.85% 
58.82% 
104.23% 
26.42% 
3.14% 
84.26% 
73.29% 
8.70% 
19.51% 
35.29% 
10.06% 
20.00% 
64.00% 
28.10% 
13.59% 
10.91% 
90.91% 
28.04% 

0 . 0 0 %  
11.63% 

0 . 0 0 %  
23.53% 
86.96% 
6.19% 
25.64% 
57.54% 
53.76% 
47.34% 
1.41% 
5.49% 



6/02/95 Table Q-7 
Validation Counts for Real Semplee 
By Medium and Sample Analyeie 

Sample Location Duplicate Real Real DUP 
Medium Analyeie Code T/D Chemical Name Sample Num Sample Num Unite Result Reeul t RPD 

GW 
GW 
OW 
GW 
GW 
GW 
OW 
GW 
GW 
OW 
GW 
GW 
QW 
OW 
OW 
GW 
GW 
OW 
GW 
OW 
GW 
GW 
GW 
GW 

GW 
GW 
GW 
GW 
GW 

GW 
GW 
GW 
GW 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
MBTALS 
MBTALS 
METALS 
METALS 
METALS 
METALS 
METALS 
MBTALS 
METALS 
METALS 
METALS 
MBTALS 
METALS 
METALS 
METALS 
METALS 

49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 

RADIONUCLIDES 49292 
RADIONUCLIDES 49292 
RADIONUCLIDES 49292 
RADIONUCLIDES 49292 
RADIONUCLIDES 49292 

WATER-QUALITY 49292 
WATER-QUALITY 49292 
WATER-QUALITY 49292 
WATER-QUALITY 49292 

0 , 

D ARSENIC 
D BARIUM 
D CALCIUM 
D IRON 
D LITHIUM 
D MAGNBSIUM 
D MANQANBSE 
D POTASSIUM 
D SILICON 
D SODIUM 
D STRONTIUM 
T ALUMINUM 
T ARSENIC ' 

T BARIUM 
T CALCIUM 
T COPPBR 
T IRON 
T LITHIUM 
T MAGNBSIUM 
T MANMESE 
T POTASSIUM 
T SILICON 
T SODIUM 
T STRONTIUM 

D URANIUM-233/234 
D URANIUM-235 
D URANIUM-238 
T AMBRICIUM-241 
T PLUTONIUM-239/240 

T BICARBONATE AS CAC03 
T CHLORIDE 
T FLUORIDE 
T NITRATE/NITRITB 

GW30055CH 
QW30055CH 
QW30055CH 
QW30055CH 
QW30055CH 
OW30055CH 
GW30055CH 
QW30055CH 
QW300ffCH 
GW30055CH 
QW3 0 0 55CH 
GW30055CH 
QW30055CH 
QW30055CH 
QW30055CH 
QW30055CH 
QW3 0 0 5 5CH 
QW30055CH 
QW30055CH 
GW30055CH 
QW30055CH 
QW30055CH 
QW30055CH 
QW30055CH 

QW3 OO55CH 
QW30055CH 
QW30055CH 
QW30055CH 
QW30055CH 

QW30055CH 
QW30055CH 
QW30055CH 
GW70055CH a 

~ 

OW3 00 2 5CH 
QW3 0 0 2 5CH 
QW30025CH 
QW30025CH 
QW3 002 5CH 
QW30025CH 
QW30025CH 
QW30025CH 
OW3 0 0 2 5CH 
GW30025CH 
OW30025CH 
QW30025CH 
GW30025CH 
QW30025CH 
QW30025CH 
QW30025CH 
QW30025CH 
QW30025CH 
QW30025CH 
QW3002fCH 
QW30025CH 
QW30025CH 
OW3 0025CH 
GW30025CH 

GW30025CH 
QW30025CH 
QW3 0 02 5CH 
QW30025CH 
QW30025CH 

QW30025CH 
QW30025CH 
QW30025CH 
QW30025CH 

UQ/L 

UQ/L 

UQ/L 

UO/L 

UQ/L 

UQ/L 

UQ/L 
UQ/L 

UQ/L 

UQ/L 

UQ/L 
UQ/L 
UQ/L 
UQ/L 

UQ/L 
UQ/L 
UQ/L 

UQ/L 

UQ/L 
UQ/L 

UG/L 
UQ/L 

UQ/L 
UQ/L 

3.800 3.500 
35.000 35.500 

89900.000 91200.000 
599.000 594.000, 

82.100 81 -400 
22700.000 22800.000 

64.900 71.300 
3650.000 3980.000 
5500.000 5420.000 

271000.000 268000.000 
1140.000 1130.000 
338.000 198.000 
3.200 3.000 

3 8 . 5 0 0  37.200 
87300.000 87300.000 

4.400 2 .SO0 
1300.000 1080.000 
74.400 74.600 

21400.000 21500.000 
70.200 73.100 

3770.000 3440.000 
5930.000 5600 .000  

258000.000 256000.000 
1090.000 1080.000 

PCI/L .312 .338 
PCI/L - .011 - .004 
PCI/L .134 .OB7 
PCI/L .OOl * 002 
PCI/L - .001 .002 

W L  420.000 420.000 
34.100 m / L  32.790 

MQ/L .060 .300 
W L  ,900 .goo 

8 .22% 
1.42% 
1.44% 
.84% 
.86% 
.44% 

9.40% 
8.65% 
1.47% 
1.11% 
.88% 

52.24% 
6.45% 
3.43% 
0 .00% 
55.07% 
18.49% 

.27% 

.47% 
4 .OS% 
9.15% 
5.72% 
.78% 
.92% 

8.13% 
96.39% 
42.62% . 

62.90% 
582.58% 

0.00% 
3.92% 
0.00% 



6 /0'2 /9 5 0 e 
Table 0-7 

Validation Counts for Real Samplee 
By Medium and Sample Analysis 

Sample Location Duplicate Real Real DUP 

ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 

RADIONUCLIDES PT16192 
RADIONUCLIDES PT16192 
RADIONUCLIDES PT16192 
RADIONUCLIDES PT16192 
RADIONUCLIDES PT17092 
RADIONUCLIDES PT17092 
RADIONUCLIDES PT17092 
RADIONUCLIDES PT17092 
RADIONUCLIDES PT17092 
RADIONUCLIDES PT19492 
RADIONUCLIDES PT19492 
RADIONUCLIDES PT19492 
RADIONUCLIDES PT19492 
RADIONUCLIDES PT19492 
RADIONUCLIDES PT19492 
RADIONUCLIDES PT19492 
RADIONUCLIDES PT19492 
RADIONUCLIDES PT19492 
RADIONUCLIDES PT1949 2 
RADIONUCLIDES PT19592 
RADIONUCLIDES PT19592 
RADIONUCLIDES PT19592 
RADIONUCLIDES PT19592 
RADIONUCLIDES PT19592 
RADIONUCLIDES PT19592 
RADIONUCLIDES PT19592 
RADIONUCLIDES PT19592 
RADIONUCLIDES PT19592 
RADIONUCLIDES PT19 5 9 2 

Chemical Name Sample Num Sample Num Unite Re8Ult Resul t RPD 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T' 
T 
T 
T 
T 
T 

URANIUM-235 
URANIUM-235 
URANIUM- 238 
URANIUM-238 
AMERICIUM- 24 1 
PLUTONIUM- 239 /24 0 
PLUTONIUM- 239 /240 
URANIUM-233/234 
URANIUM-238 
AMBRICIUM-241 
AMERICIUM- 24 1 
PLUTONIUM- 2 3 9 /24 0 
PLUTONIUM- 2 3 9 / 2 4 0 
URANIUM-233/234 
URANIUM-233/234 
URANIUM-235 
URANIUM- 2 3 5 
URANIUM-238 
URANIUM-238 
AMERICIUM-241 
AMERICIUM- 241 
PLUTONIUM-239/240 
PLUTONIUM- 239 /24 0 
URANIUM-233/234 
URANIUM-233/234 
URANIUM- 23 5 
URANIUM-235 
URANIUM- 2 3 8 
URANIUM- 2 3 8 

SS 0 4 5 7 2CH 

SS 0 4 5 7 2 CH 
SS04573CH 
SS04591CH 
SS 04 5 9 OCH 
SS04591CH 
SS04591CH 
SS 0 4 59 1CH 
SS04540CH 
SS 0 4 5 4 1CH 
SS04 54 OCH 
SS04541CH 
S S 04 54 OCH 
SS04541CH 
SS04540CH 
SS04541CH 
SS 0 4 54 OCH 
SS04541CH 
SS04 54 2CH 
SS 0 4 5 4 3 CH 
5504 5 4 2 CH 
SSO4543CH 
SS 0 4 5 4 2 CH 
SS04543CH 
SS04542CH 
SS04543CH 
SS04542CH 
SS04543CH 

ss04573CH 
ss 0 4 0 7 2 CH 
SS 0 4 0 7 3CH 
SS04072CH 
SS04 073CH 
SS04091CH 
SS04090CH 
SS04091CH 
SS04091CH 
SS04091CH 
SS04140CH 
SS04141CH 
SS04140CH 
SS04 141CH 
SS04140CH 
SS04141CH 
SS04140CH 
SS04141CH 
SS04140CH 
SS04141CH 
SS04142CH 
SS04143CH 
SS04142CH 
SS04143CH 
SS04142CH 
SS04143CH 
SS04142CH 
SS04143CH 
SS04142CH 
SS04143CH 

PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI /Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI /Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 
PCI/Q 

PCI /Q 
PCI/Q 
PCI/Q 

PCI/Q 
PCI /Q 

PCI/Q 

PCI/Q 

PCI/Q 
PCI/Q 
PCI /Q 
PCI /Q 
PCI/Q 

.060 

.048 
1.361 
1.345 

* 020 
,029 
.032 
.790 

1.200 
.013 
.140 
.013 
.160 

1.300 
.960 
,065 
.036 

1.200 
.980 
.041 
.062 
.360 
.140 

1.300 
1.100 
.040 
.069 

1.400 
.750 

.065 

.049 
1.301 
1.244, 
.020 
.021 
.030 
.850 

.012 
- .031 
.019 
.230 

1.100 
.950 
.140 
.022 

1.300 
.990 
.Oll 
.032 
.032 
.llO 

1.300 
1.200 
,110 
.033 

1.300 
1.100 

1 :loo 

9.16% 
1.64% 
4.51% 
7.80% 
0 . 0 0 %  
32.00% 
6.45% 
7.32% 
8.70% 
8.00% 

127.49% 
37.50% 
35.90% 
16.67% 
1 .OS% 

73.17% 
48.28% 
8.00% 
1.02% 

115 -38% 
63.83% 
167 -35% 
24.00% 
0 .OO% 
8.70% 

93.33% 
70.59% 
7.41% 
37.84% 

! 



6/02/95 Table (3-7 
Validation Count8 for Real Samples 

By Medium and Sample Analyeis 

Sample Location Dupl hate Real 
Medium Analyeie Code T/D Chemical Name Sample Num Sample Num Unite 

GW 
OW 
OW 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

I 

WATER-QUALITY 49292 
WATER-QUALITY 49292 
WATER-QUALITY 49292 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

SW00392 
SW00392 
SW00392 
SW00392 
SW00392 
SW00392 
SW00392 
SW00392 
SW00392 
SW00392 
SW00392 
SW00392 
SW00392 
SW00392 
SW00392 
SW02092 
SW02092 
SW02092 
SW02092 
SW02092 
SW02092 
SW02092 
SW02092 
SW02092 
SW02092 
SW02092 
SW02092 
SW02092 
SW02092 
SW02092 
SW02792 

T 
T 
T 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

SULFATB 
TOTAL DISSOLVED SOLIDS 
mpAL SUSPENDED SOLIDS 

ALUMINUM 
BARIUM 
CALCIUM 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANQANESE 
MOLYBDENUM 
POTASSIUM 
SILICON 
SODIUM 
STRONTIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
CALCIUM 
COBALT 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESB 
POTASSIUM 
SILICON 
SODIUM 
STRONTIUM 
VANADIUM 
ARSENIC 

__ - 
GW30055CH 
GW30055CH 
Q W3 0 0 5 5 CH 

SW07003CH 
SW07003CH 
SW07003CH 
SW07003CH 
SW07003CH 
SW07003CH 
SW07003CH 
swo 7 0 0 3 ~ ~  
SWO 7 OO3CH 
SW07003CH 
SW07003CH 
SWO 7 0 0 3 CH 
SW07003CH 
SW07003CH 
SW07003CH 
SW07 11 2CH 
SW07112CH 
S WO 7 1 12 CH 
SW07112CH 
SW07 112CH 
SW07112CH 
S WO 7 ll2CH 
SW07112CH 
SW07 112CH 
S WO 7 1 1 2 CH 
SW07 112CH 
SW07112CH 
S WO 7 11 2 CH 
s wo 7 1 12 CH 
SW07112CH 
SWn7215CH a 

GW30025CH 
QW30025CH 
QW30025CH 

s wo 7 0 0 1CH 
SWO7001CH 
SW07001CH 
SW07001CH 
SW07001CH 
SW0700 1CH 
SW07001CH 
SW07001CH 
SWO 7 0 0 1 CH 
SW07001CH 
SW07001CH 
SW07001CH 
SWO7001CH 
SW07001CH 
SW07001CH 
SWO7111CH 
SWO7111CH 
SW07 11 1CH 
SW07111CH 
SW07111CH 
SW07111CH 
SW07111CH 
SW07 11 1CH 
SW07111CH 
SW07111CH 
SW07111CH 
SWO 7 11 1CH 
SWO7111CH 
SWO7111CH 
SW07111CH 
SW07214CH 

'. 

MQ/L 
MQ/L 
W L  

UQ/L 
UQ/L 

UQ/L 
UQ/L 

W L  

UQ/L 
UQ/L 
UQ/L 
W / L  
W L  
UQ/L 

UQ/L 
UQ/L 
UO/L 
UQ/L 
UO/L 
UQ/L 
UQ/L 

UQ/L 
W L  

UQ/L 
UQ/L 

UQ/L 
UQ/L 
W L  
UQ/L 

UQ/L 

UQ/L 
UQ/L 

UQ/L 

UQ/L 

400.000 530.000 
1100.000 1100.000 

15.000 9 .ooo 

455.000 
21.400 

14600.000 
8.100 

228.000 
10.200 
5.900 

3520 .OOO 
58.100 
4.300 

1580.000 
3390.000 
7270.000 
102.000 
44.900 
18.500 
4 .OOO 
31 -400  

14200.000 
1.800 
9.300 
3.800 
7.400 

6780.000 
3 -000 

626.000 
669.000. 

30600.000 
137 .OOO 
6.100 
4.300 

42.000 
17.900 

13900.000 
4 ;300 
50.500 
7.800 
5.300 

3430 .OOO 
17.900 
3 .OOO 

1100.000 
3330.000 
7160.000 
102.000 
18.900 
15.900 

3 .goo 
31.400 

14300 .OOO 
1.700 
14.800 
2.200 
10.700 

6820.000 
3.200 

628.000 
809.000 

30900.000 
138.000 
5 .lo0 
2.800 

I 

27.96% 
0 . 0 0 %  
50 .OO% 

166.20% 
17.81% 
4 -91% 
61.29% 
127.474 
26.67% 
10.71% 
2.59% 

105.79% 
35.62% 
35.82% 
1.79% 
1.52% 
0 . 0 0 %  
81.50% 
15.12% 
2.53% 
0.00% 
.70% 

5.71% 
45.64% 
53.33% 
36.46% 

.59% 
6.45% 
.32t 

18.94% 
.98% 
.73% 

17.86% 



e Table 0-7 6 / 0 2 / 9 5  e 
Validation Count6 for Real Samples 
By Medium and Sample Analyeie 

Sample Location Duplicate Real Real DUP 
Medium Analysis Code T/D Chemical Name Sample Num Sample Num Units Re6Ult Result RPD 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

I 

METALS 
METALS 
METALS 
METALS 
MISTALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

SW02792 
SW02792 
SW02792 
SW02792 
SW02792 
SW02792 
SW02792 
SW02792 
SW02792 
SW02792 
SW02792 
SW02792 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03192 
SW03192 
SW03192 
SW03192 
SW03192 
SW03192 
SW03192 
SW03192 
SW03192 
SW03192 
SW03192 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

BARIUM 
CALCIUM 
IRON 
LEAD 
LITHIUM 
MAGNBSIUM 
MANGANBSB 
POTASSIUM 
SILICON 
SODIUM 
STRONTIUM - 
VANADIUM 
ARSBNIC 
BARIUM 
CALCIUM 
IRON 
LEAD 
LITHIUM 
MAGNBSIUM 
MANQANBSB 
POTASSIUM 
SILICON 
SODIUM 
STRONTIUM 

CALCIUM 
IRON 
LBAD 
LITHIUM 
MAGNESIUM 
MOLYBDENUM 
POTASSIUM 
SELENIUM 
S I LI CON 
SODIUM 

BARIUM , 

SW07215CH 
SW07215CH 
SW07215CH 
SW07215CH 
SW07215CH 
SWO 7 2 15CH 
SW07215CH 
SW07215CH 
SW07215CH 
SW07215CH 
SW07215CH 
SW07215CH 
SW07017CH 
SW07017CH 
SW07017CH 
SW07017CH 
SW07017CH 
SW07017CH 
SW07017CH 
SW07017CH 
SW070 17CH 
SWO7017CH 
S WO 7 0 17CH 
SWO 7 0 17CH 
SW07220CH 
SW07220CH 
SW07220CH 
SWO 7 2 2 OCH 
S W072 2 OCH 
S W 0 7 2 2 OCH 
SW07220CH 
SWO 7 2 2 OCH 
SW07220CH 
SW07220CH 
S W 0 7 2 2 0 CH 

SW07214CH 
SW07214CH 
SW07214CH 
SW07214CH 
SW 07 2 14CH 
SW07214CH 
SW07214CH 
SW07214CH 
SW07214CH 
SW07214CH 
SW07214CH 
SWO 7 2 14 CH 
SW07016CH 
SW07016CH 
SW070 16CH 
SW07016CH 
SW07016CH 
SWO 7 0 16CH 
S W 0 7 0 1 6CH 
SW07016CH 
S WO 7 0 16CH 
SW07016CH 
SWO 7 0 16CH 
S WO 7 0 16CH 
S WO 7 2 19 CH 
S W 0 7 2 19 CH 
SWO 7 2 19 CH 
SW07219CH 
SW07219CH 
S W 0 7 2 19 CH 
S W 0 7 2 19 CH 
SW07219CH 
SW07219CH 
SWO 7 2 19 CH 
S W 0 72 19 CH 

UQ/L 

UQ/L 

UO/L 
UQ/L 
UG/L 
UG/L 
UQ/L 
ucI/L 
UQ/L 
UG/L 
UG/L 
UQ/L 
m / L  
UG/L 

UQ/L 
UQ/L 
UQ/L 
UQ/L 
UQ/L 
UG/L 
UQ/L 
UQ/L 

UQ/L 

uq/L 
UG/L 
UO/L 
UQ/L 
UG/L 
UG/L 

UG/L 

UG/L 

UQ/L 
UQ/L 

UQ/L 

UQ/L 

23.700 
12700.000 

7 .OOO 
5.600 
8.700 

6090.000 
2.700 

507 .OOO 
515.000 

31200.000 
123.000 
5.200 
4.300 
21.600 

11400 .OOO 
71.100 
11.400 
6.600 

7100.000 
4.400 

184.000 
2710.000 
27700.000 
114.000 
36.800 

23000.000 
39.500 
2.300 
8.200 

5360.000 
8.800 

1890.000 
3 .OOO 

920.000 
11900.000 

24.100 
13200.000 

54.000 
1.900 
10.700 

6320 .OOO 
3.700 

497.000 
422.000 

32600.000 
128.000 
4 . S O 0  
3 .loo 
22.600 

11800 .ooo 
21.800 
4.900 
8.100 

7040.000 
8.000 

238.000 
3070.000 
28000.000 
121 .ooo 
36.200 

23100.000 
16.200 
2.300 
8.600 

5380.000 
5 -000 

1910.000 
3 .OOO 

915.000 
12000 .ooo 

t 

1.67% 
3.86% 

154.10% 
98.67% 
20.62% 
3.71% 
31.25% 
1.99% 
19.85% 
4.39% 
3.98% 
14.43% 
32.43% 
4.52% 
3.45% 

106.14% 
79.75% 
20.41% 

.85% 

25.59% 
12.46% 
1.08% 
5.96% 
1.64% 
.43% 

83.66% 
0 .00% 
4.76% 
.37% 

55.07% 
1.05% 
0 .OO% 
.54% 
.84% 

.58.06% 

I 



GW 
GW 
OW 
GW 
GW 
GW 
GW 
GW 
OW 
GW 
QW 
QW 
QW 
OW 
QW 
GW 
GW 
QW 
OW 
QW 
GW 
GW 
GW 
GW 

OW 
OW 
OW 
OW 
GW 

OW 
OW 
OW 
OW 

I 

METALS 
METALS 
METALS 
MBTALS 
MBTALS 
METALS 
METALS 
METAX,? 
MBTAl '; 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
MBTAl .S 
MBTALS 
METALS 

MBTALS 
METALS 
METALS 

mrrALs 

MBTAlB 
METAl S 

49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 

I 

RAD~oLJUCL~DES 49292 
RADTOIHICLIDGY 4929 2 
RAIiIONUCI~IDES 49292 

RADIONUCI . I DES 4 929 2 
RADlONUC1,IDES 49292 

WAT6R-QUALITY 49292 
WATBH-QUALITY 49292 
WATBR-Q11ALITY 49292 
WATER-QURLITY 49292 

e 

D ARSENIC 
D BARIUM 
D CALCIUM 
D IRON 
D LITIIIUM 
D MAQNBSIUM 
D MANQANBSB 
D POTASSIUM 
D SILICON 
D SODIUM 
D STRONTIUM 
T ALUMINUM 
T ARSENIC 
T BARIUM 
T CALCIUM 
T COPPER 
T IRON 
T LITHIUM 
T HAaNESIUM 
T MANGANESE 
T POTASSIUM 
T SILICON 
T SODIUM 
T STRONTIUM 

D UR&NIUM-233/234 
D URANIUM-235 
D URANIUM-238 
T AMERICIUM-241 

QW30055CH 
QW30055CH 
QW30055CH 
QW30055CH 
QW3 00 55CH 
QW30055CH 
GW30055CH 
OW3 0 0 5 5CH 
QW3 0055CH 
QW30055CH 
QW3 005SCH 
QW30055CH 
QW30055Cfl 
QW30055CH 
QW3 0 0 5 5 CH 
QW30055CH 
QW3 005 5CH 
OW3 0055CH 
QW30055CH 
QW30055CH 
GW30055CH 
QW30055CH 
QW3 0055CH 
OW3 0 05 5CH 

QW30055CH 
QW30055CH 
QW 3 0055CH 
QW30055CH 

T PLUTONIUM-239/240 GW30055CH 

T BICARBONATE AS CAC03 GW30055CH 
T CHLORIDE QW30055CH 
T FLUORIDE QW30055CH 
T NITRATB/NITRITE GW30055CH 

QW30025CH 
QW30025CH 
QW30025CH 
GW30025CH 
QW30025CH 
QW30025CH 
OW3 0 0 2 5CH 
QW30025CH 
QW3 0 0 2 5CH 
QW30025CH 
QW30025CH 
OW3 0025CH 
QW30025CH 
QW30025CH 
QW30025CH 
QW30025CH 
QW30025CH 
QW30025CH 
QW3 002 5CH 
QW30025CH 
QW3 0 0 2 5CH 
QW3 002 5CH 
QW3002SCH 
GW30025CH 

QW30025CH 
QW30025CH 
OW3 0025CH 
QW30025CH 
GW 3002 5CH 

QW3 0 02 5CH 
QW30025CH 
QW3 0 02 5CH 
GW30025CH 

U0/L 
UG/L 
m/L 
UG/L 
U0/L 
U0/L 
U0/L 
tJQ/L 
UQ/L 
UO/L 

U0/L 
W L  
UO/L 
U0/L 
U0/L 

U0/L 

U(J/L 

UQ/L 

UQ/L 

UQ/L 
UQ/L 

UQ/L 
UQ/L 
UQ/L 

,3.800 3 .SO0 
35. ooo 35.500 

89900.000 91200.000 
599.000 594.000, 
81.400 82.100 

22700.000 22800.000 
64.900 71.300 

3650.000 3980.000 
5500.000 5420.000 

271000.000 268000.000 
1140.000 1130.000 

338 .000  198.000 
3.200 3.000 
38.500 37.200 

87300.000 87300.000 
4.400 2.500 

1300.000 1080.000 
74.400 74.600 

21400.000 21500.000 
70.200 73.100 

3770.000 3440.000 
5930.000 5600.000 

258000.000 256000.000 
1090.000 1080.000 

PCI/L .312 .338 

PCI/L .OOl -002 
PCI /L - .001 .002 

PCI/L - .011 - .004 
PCI/L .134 .007 

420.000 420.000 W L  
W L  32.790 34.100 
W L  .goo .goo 

0.a2t 
1.42% 
1.448 
.84% 
.86% 
.44% 

9.40% 
8.65% 
1.47% 
1.11% 
.88% 

52.24% 
. 6.45% 
3.43% 
0 .OO% 

55'. 07% 
18 . I 9 8  

.27% 

.47% 
4 .OS% 
9.15) 
5.32% 
.78% 
.92% 

8.13% 
96.394 
42.62% 
62.90% 
582.58) 

0.00% 
3.92% 
0 . 0 0 )  

. m/L . .060 

'I 



6/02/95 e Tab fim -7 
Validation Counts for Real Samples 
By Medium and Sample Analysis 

sw 
sw 
sw 

/ sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

I 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

SW03192 
SW03192 
SW03192 
SW03292 
SW03292 
SW03292 
SW03292 
SW03292 
SW03 2 9 2 
SW03292 
SW03292 
SW03 29 2 
SW03 2 9 2 
SW03292 
SW03292 
SW03292 
SW03292 
SW00192 
SW00192 
SW00192 
SW00192 
SW00192 
SW00192 
SW00192 
SW00192 
SW00192 
SW00192 
SW00192 
SW00192 
SWO 0 19 2 
SWO 0 19 2 
SW00392 
SW00392 
SW00392 
SW00392 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
T. 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

STRONTIUM 
TIN 
ZINC 
ALUMINUM 
BARIUM 
CALCIUM 
IRON 
LEAD 
LITHIUM 
MAGNBSIUM 
MANGANESB 
MOLYBDENUM 
POTASSIUM 
SILICON 
SODIUM 
STRONTIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
CALCIUM 
IRON 
LEAD 
LITHIUM 
MAGNBSIUM 
MANGANESE 
POTASSIUM 
SILICON 
SODIUM 
STRONTIUM 
ZINC 
ALUMINUM 
BARIUM 
CALCIUM 
COPPER 

! 

SW07220CH 
SW0722OCH 
SW07220CH 
SW07027CH 
SW07027CH 
SW 0 7 02 7CH 
SWO 702 7CH 
SW07027CH 
SW07027CH 
SW07027CH 
SW07027CH 
SW07027CH 
SW07027CH 
SW07027CH 
SWO 7 0 2 7CH 
SW07027CH 
SW07027CH 

SW07219CH 
SW07219CH 
SW07219CH 
SWO 7 0 2 3CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07 02 3CH 
SW07023CH 
SW07023CH 
SWO 70 2 3 CH 

tJQ/L 
UQ/L 
W L  
UQ/L 
UQ/L 
UQ/L 
UQ/L 
UQ/L 

UQ/L 
UQ/L 

m/L 
UQ/L 
UQ/L 
UG/L 

UG/L 
UQ/L 

UQ/L 

SW80218WCU3 SWO1938WCU3 UQ/L 
SW80218WCU3 SWO1938WCU3 UQ/L 
SW80218WCU3 SWO1938WCU3 UQ/L 
SW80218WCU3 SWO1938WCU3 UQ/L 
SW80218WCU3 SWO1938WCU3 UQ/L 

SW80218WCU3 SWO1938WCU3 UQ/L 
SW80218WCU3 SWO1938WCU3 UQ/L 
SW80218WCU3 SWO1938WCU3 UQ/L 
SWBO218WCU3 SWO1938WCU3 UQ/L 
SW80218WCU3 SWO1938WCU3 UQ/L 
SW80218WCU3 SWO1938WCU3 UQ/L 
SW80218WCU3 SWO1938WCU3 UQ/L 
SW80218WCU3 SWO1938WCU3 UQ/L 
SW07003CH SW07001CH UQ/L 
SW07003CH SW07001CH Ua/L 
SW07003CH SW07001CH UQ/L 
SW07003CH SW07001CH UQ/L 

~ ~ 8 0 2 1 8 ~ ~ ~ 3  ~ ~ 0 1 9 3 8 ~ ~ ~ 3  UQ/L 

162.000 
12.200 
12.200 
431 .OOO 
37.200 

23200.000 
28.600 
2 .loo 
6.400 

5270.000 
26 .SO0 
2.700 

1870.000 
1270.000 
11800.000 
157.000 
12.800 
433.000 

.700 
80.100 

47200.000 
453.000 

.goo 
7.500 

11100.000 
97.000 

6390.000 
3460.000 
40000.000 
306.000 
15.000 
718.000 
25 -400 

13400.000 
16.500 

163.000 
9.200 
12.600 
117.000 
33.000 

21700.000 
92.400 
3.500 
8.600 

5090.000 
9.400 
2.900 

1790.000 
1230.000 
11400.000 
150.000 
15.100 
536.000 
1.200 
84.500 

49900.000 
449.000 
1.300 
10.400 

11800.000 
105.000 
6820.000 
3980.000 
40600.000 
327.000 
9.400 

575.000 
24.400 

14000.000 
14.000 

.62% 
28.04% 
3.23% 

114.60% 
11.97% 
6.68% 

105.45% 
50.00% 
29.33% 
3.47% 
95.26% 
7.14% 
4.37% 
3.20% 
3.45% 
4.564 
16.49% 
21.26% 
52.63% 

5.35% 
5.56% 
.89% 

36.36% 
32.40% 
6.11% 
7.92% 
6.51% 
13.98% 
1.49% 
6.64% 

45 .got 
22.12% 
4.02% 
4.38% 
16.39% 



6/02/95 Table 0-7 
Validation Counte for Real Samplee 

By Medium and Sample Analyeie 

Sample Location Dupl hate Real 
Medium Analyeis Code T/D Chemical Name Sample Num Sample Num Unite 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

I 

METALS 
METALS 
METALS 
METALS 
METALS 
MBTALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
MRTALS 
METALS 
METALS 
METALS 
MRTALS 
MRTALS 
METALS 
mTALS 
mTALS 
METALS 
METALS 

e 

l 

Sw0039 2 
SW00392 
SWO 0 3 9 2 
SW00392 
SW00392 
SW00392 
SW00392 
SW00392 
SW00392 
SW00392 
SW00392 
SW00692 
SW00692 
SW00692 
SW00692 
SW00692 
SW00692 
SW00692 
SW00692 
SW00692 
SW00692 
SW00692 
SW00692 
SW00692 
SW00692 
SW02092 
SW02092 
SW02092 
SW02092 
SW02 09 2 
SW02092 
SW02092 
SW02092 
SW02092 
SW02092 

T IRON 
T LEAD 
T LITHIUM 
T MAQNESIUM 
T MANQANESE 
T MOLYBDENUM 
T POTASSIUM 
T SILICON 
T SODIUM 
T STRONTIUM 
T ZINC 
T ALUMINUM 
T ARSBNIC 
T BARIUM 
T CALCIUM 
T COPPER 
T IRON 
T LEAD 
T MAGNESIUM 
T MANQANBSE 
T POTASSIUM 
T SILICON 
T SODIUM 
T STRONTIUM 
T ZINC 
T ALUMINUM 
T ARSBNIC 
T BARIUM 
T CALCIUM 
T IRON 
T LEAD 
T LITHIUM 
T MRGNESIUM 
T MANGANESE 
T POTASSIUM 

SW07003CH SW07001CH UQ/L 
SW07003CH SW07001CH UQ/L 
SW07003M SW07001CH UQ/L 
SW07003CH SW07001CH UQ/L 
SW07003CH SW07001CH UQ/L 
SW07003CH SW07001CH UQ/L 
SW07003CH SW07001CH UQ/L 
SW07003CH SW07001CH UQ/L 
SW07003CH SW07001CH UQ/L 
SW07003CH SW07001CH UQ/L 
SW07003CH SW07001CH UQ/L 
S W ~ O ~ ~ O W C U ~  swoi94owm3 UQ/L 
sw80220wCU3 swo194owm3 uQ/L 
sw80220wcu3 swoi94ow~~3 UQ/L 

sw80220wcu3 swoi94owm3 UQ/L 

sw~o22owcu3 S W O ~ ~ ~ O W C U ~  UQ/L 

SW8022OWCU3 SWO194OWCU3 UQ/L 

SW8022OWCU3 SWO194OWCU3 UQ/L 

SW8022OWCU3 SWO194OWCU3 UQ/L 
s W8 02 2 owcu3 
SW8022OWCU3 
SW8022OWCU3 
sw8022owcu3 
sw80220wcu3 
SW8022OWcu3 
SWO 7 11 2 CH 
SW07112CH 
SW07112CH 
SW07112CH 
SWO 7 11 2 CH 
SWO 7 11 2 CH 
SW07 11 2CH 
SW07112CH 
SW07112CH 
SW07112CH 

SWO194OWCU3 UQ/L 
SWO194OWCU3 UQ/L 
S W O ~ ~ ~ O W C U ~  UQ/L 
swoi94owcu3 UQ/L 
SWO194OWCU3 UQ/L 
SWO194OWCU3 UQ/L 
SWO7111CH 
SW07111CH 
SW07111CH 
SW07 11 1CH 
SWO7111CH 
SWO7111CH 
SWO 7 11 1CH 
SWO7111CH 
SW07111CH 
SW07111CH 

UQ/L 

UO/L 
UG/L 

UQ/L 

UQ/L 
UQ/L 
UQ/L 

UQ/L 
UQ/L 

UC?/L 

1100.000 
10.700 
5.500 

3450.000 
137.000 
3 .SO0 

1260.000 
3650.000 
6940.000 
98.400 
92.900 

1990.000 
1.300 
27.000 

11000.000 
19.800 

2340.000 
11.000 

2940.000 
210.000 
2300.000 
7660.000 
4610.000 
77.900 
158 .OOO 
196.000 
4.300 
34.700 

13900.000 
246.000 
3.100 
8.900 

6550.000 
27.800 
640.000 

919.000 
9 .ooo 
5 . 8 0 0  

3560.000, 
112.000 
3.500 

1180.000 
3600.000 
7130 .OOO 
102 .ooo 
76.700 

1260.000 
1.200 
24.600 

11500.000 
19.300 

1830.000 
9.700 

3000.000 
223.000 
2280.000 
5650.000 
4750.000 
76.300 
163 .OOO 
314.000 
4.700 
36.500 

14400.000 
313 .PO0 
2.100 
11.100 

6810.000 
28.800 
679.000 

17.93% 
17.26% 
5.31% 
3.14% 
20.08% 

0 . 0 0 %  
6.56% 
1.38% 
2.70% 
3.59% 
19.10% 
44.92% 
8.00% 
9.30% 
4 -44% 
2.56% 
24.46% 
12.56% 
2.02% 
6.00% 
.87t 

30.20% 
2.99% 
2 .OB% 
3. i2% 

46.27% 
8.89% 
5.06% 
3.53% 
23.97% 

22.00% 
3 .a93 
3.53% 

3a .46% 

3"' 
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sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

SW METALS 
SW METALS 
SW METALS 

SW02092 
SW02092 
SW02092 
SW02092 
SW02092 
SW02792 
8102792 
SW02792 
SW02792 
SW02792 
SW02792 
SW02792 
SW02792 
SW02792 
SW02792 
SWO 2 79 2 
SW02792 
SW02 79 2 
SW02792 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03092 
SW03192 
SW03192 

Table 0-7 
Validation Counts for Real Sample6 
By Medium and Sample Analyeis 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

SILICON 
SODIUM 
STRONTIUM 
VANADIUM 
ZINC 
ALUMINUM 
ARSENIC 
BARIUM 
CALCIUM 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANQANWE 
POTASSIUM 
SILICON 
SODIUM 
STRONTIUM 
VANADIUM 
ALUMINUM 
ARSENIC 
BARIUM 
CALCIUM 
I RON 
LBAD 
LITHIUM 
MAGNESIUM 
MANGANBSB 
POTASSIUM 
SILICON 
SODIUM 
STRONTIUM 

T ZINC 
T ALUMINUM 
T BARIUM 

SW07112CH 
SW07112CH 
SW07112CH 
SW07112CH 
SW07112CH 
SW07215CH 
SW07215CH 
SW07215CH 
SW07215CH 
SW07215CH 
SW07215CH 
S WO 7 2 1 5 CH 
SW07215CH 
SW07215CH 
SW07215CH 
SW07215CH 
SWO 7 2 15CH 
SW07215CH 
SW07215CH 
SW07017CH 
SW07017CH 
SW07017CH 
S W 0 7 0 17CH 
SW07017CH 
SW07017CH 
SWO 7 0 17CH 
SW07017CH 
SWO 7 0 17CH 
SW07017CH 
SW07017CH 
SW07017CH 
SW070 17CH 
SW07017CH 
SW0722OCH 
SW07220CH 

SWO7111CH 
SWO7111CH 
SW07111CH 
SW07111CH 
SWO7111CH 
SW07214CH 
SW07214CH 
SW07214CH 
SW07214CH 
SW07214CH 
SW07214CH 
SW07214CH 
SW07214CH 
SW07214CH 
SW072 14CH 
SW07214CH 
SW07214CH 
SW07214CH 
SW07214CH 
SW07016CH 
SW07016CH 
SW07016CH 
SW07016CH 
SW07016CH 
SW07016CH 
SW07016CH 
SW07016CH 
SW07016CH 
SW07016CH 
SW07016CH 
SW07016CH 
SW07016CH 
SWO 7 0 16CH 
SW07219CH 
SW07219CH 

UQ/L 
UQ/L 
UQ/L 
UQ/L 
uQ/L 
uQ/L 
uQ/L 
UQ/L 
W L  
uQ/L 

uQ/L 

uQ/L 

UQ/L 
uQ/L 
UQ/L 
uQ/L 
UQ/L 
UQ/L 

UQ/L 
UQ/L 
UQ/L 

UQ/L 

UQ/L 
UQ/L 
UQ/L 

UQ/L 

UQ/L 
UQ/L 

UQ/L 

UQ/L 

UQ/L 

UQ/L 

UQ/L 

uQ/L 
UQ/L 

Real DUP 
ReEUlt Reeul t RPD 

560.000 
29200.000 
131.000 
6.400 
9.400 

166.000 
6.000 
26.000 

12600.000 
133.000 
37.200 
6.900 

5870.000 
15.000 
740.000 
372.000 

29800.000 
120.000 
4.800 
78.900 
4 .OOO 
23.000 

12100.000 
126 .OOO 
5.300 
8.600 

7230.000 
26.500 
204.000 
2660.000 
27700.000 
114.000 

604.000 
30500.000 
137.000 
6.400 
11.300 
126.000 
5.600 
26.300 

12800.000 
154.000 
29.500 
6.400 

6000.000 
13.900 
494.000 
360.000 

30700.000 
123.000 
3 .goo 
82.300 
4 .OOO 
22.900 

11800.000 
139.000 
9.800 
8.600 

7170.000 
37.000 
168.000 
2740.000 
27500.000 
121.000 
11.400 11 .goo 

238.000 226.000 
35.700 36.400 

7.564 
4.364 
4.484 
0 . 0 0 %  
18.364 
27.404 
6.90% 
1.15% 
1.574 
14.63% 
23.094 
7.524 
2.194 
7.61% 

39.87% 
3.28% 
2.98% 
2.47% 
20.694 
4.224 
0.00% 
.444 

2 .514 
9.814 
59.604 

0 .00% 
.834 

33.074 
19.354 
2.96% 
.724 

5.96% 
4.29% 
5.174 
1.94% 



6/02/95 Table 0-7 
Validation Counte for Real Samplee 
By Medium and Sample Analyeie 

Sample Locat ion Duplicate 
Medium Analysie Code T/D , Chemical Name Sample Num 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

!METALS 
IMGTALS 
!METALS 
METALS 
!METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
lylETALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

SW03192 
SW03192 
SUO3192 
SW03192 
SW03192 
5103192 
SW03192 
SW03192 
SW03192 
SW03192 
SW03192 
SW03192 
SW03292 
SW03292 
SW03292 
SW03292 
SW03292 
SW03292 
SW0329 2 
SW03292 
SW03292 
SW03292 
SW03292 
SW03292 
SW03292 
SW03292 

WIONUCLIDES SW00392 
RADIONUCLIDES SW00392 
RADIONUCLIDES SW00392 
RADIONUCLIDES SW00392 
KVUIIONUCLIDES SW02792 
RADIONUCLIDES SW03192 
RADIONUCLIDES SW03192 
RADIONUCLIDES SW03192 

T CALCIUM 
T IRON 
T LEAD 
T LITHIUM 
T MAQNESIUM 
T MANQANBSB 
T MOLYBDENUM 
T POTASSIUM 
T SILICON 
T SODIUM 
T STRONTIUM 
T ZINC 
T ALUMINUM 
T BARIUM 
T CALCIUM 
T COPPER 
T IRON 
T LEAD 
T LITHIUM 
T MAQNESIUM 
T MANQANESE 
T POTASSIUM 
T SILICON 
T SODIUM 
T STRONTIUM 
T ZINC 

D GROSS ALPHA 
D PLUTONIUM-239/240 
D URANIUM-233/234 
D URANIUM-238 
D URANIUM-233/234 
D AMERICIUM-241 
D GROSS ALPHA 
D QROSS BETA 

SW07220CH 
SWO 7 2 2 OCH 
SW07220CH 
SW07220CH 
SW07220CH 
SW07220CH 
SW07220CH 
SW07220CH 
SWO722OCH 
SW0722OCH 
SW07220CH 
SW07220CH 
SW07027CH 
SW07027CH 
SW07027CH 
SW07027CH 
SW07027CH 
SW07027CH 
SW07027CH 
SW07027CH 
SW07027CH 
S W 0 7 02 7 CH 
SWO 7 0 2 7CH 
SW07027CH 
SW07027CH 
SW0702 7CH 

SW07003CH 
SWO 7 0 0 3 CH 
SWO 7 0 0 3 CH 
9 W 07 00 3CH 
SW072 15CH 
SW07220CH 
SW07220CH 
SW07220CH e 

SW07219CH 
SW07219CH 
SW07219CH 
SW07219CH 
SW07219CH 
SW07219CH 
SW07219CH 
SW07219CH 
SW07219CH 
SW07219CH 
SW07219CH 
SW07219CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07023CH 
SW07023CH 
SWO7023CH 

SW07001CH 
SW07 0 0 1CH 
SW07001CH 
SW07001CH 
SW07214CH 
SW07219CH 
SW07219CH 
SW07219CH 

UQ/L 
UQ/L 
UQ/L 
UQ/L 
UQ/L 
W / L  
UG/L 

W / L  

W / L  
W L  
UQ/L 
UG/L 
W / L  
UQ/L 

UQ/L 

UQ/L 

UG/L 

UQ/L 

UQ/L 
UQ/L 
UQ/L 
UQ/L 
UQ/L 

UQ/L 
UQ/L 

PCI/L 
PCI/L 
PCI /L 
PCX/L 
PCI /L 
PCI/L 

UQ/L 

22200.000 
204.000 
2.700 
8.900 

5160.000 
12.700 
6.600 

1900.000 
1010.000 
11400.000 
158.000 
16.800 
165.000 
34.500 

22000.000 
2.800 

128.000 
3.300 
9,000 

5160.000 
11.200 

1800.000 
1280 .ooo 
11600.000 
152.000 
16.200 

22600.000 
208.000 
4.300 
8.500. 

5250.000 
13.400 
4.200 

1920.000 
1010.000 
11600.000 
161.000 
15.200 
411.000 
35.700 

22100.000 
3 .goo 

134.000 
2.900 
7.300 

5 0 8 0 . 0 0 0  
26.000 

1830.000 
1230 .OOO 
11300 .OOO 
150.000 
20.600 

.e80 1.400 

.006 .OOl 

.480 .370 

.380 ,370 

.580 .840 

. 005  .006 
PCI/L 1.080 .958 

2.998 PCI/L : 2.817 

1.79% 
1.94% 
45.71% 
4.60% 
1.73% 
5.36% 
44.44% 
1.05% 
0.00% 
1.74% 
1.88% 
10.00% 
85.42% 
3.42% 
.45% 

32.84% 
4 .58% 
12.90% 
20.86% 
1 .56% 
79.578 
1.65% 
3.98% 
2.62% 
1.32% 
23.91% 

45.61% 
142.868 
25.88% 
2.67% 
36.62% 
20.79% 
12.01% 
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sw 
SW 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

sw 
sw 
sw 
sw 
sw 

RADIONUCLIDES SW03192 
RADIONUCLIDES SW03192 
RADIONUCLIDES SW03192 
RADIONUCLIDES SW03192 
RADIONUCLIDES SW00392 
RADIONUCLIDES SW00392 
RADIONUCLIDES WOO692 
RADIONUCLIDES SW00692 
RADIONUCLIDES SW00692 
RADIONUCLIDES SW00692 
RADIONUCLIDES SW00692 
RADIONUCLIDES SW02792 
RADIONUCLIDES 9102792 
RADIONUCLIDES SW02792 
RADIONUCLIDES SW03092 
RADIONUCLIDES SW03092 
RADIONUCLIDES SW03092 
RADIONUCLIDES SW03192 
RADIONUCLIDES SW03192 
RADIONUCLIDES SW03192 
RADIONUCLIDES SW03192 
RADIONUCLIDES SW03192 
RADIONUCLIDES SW03192 
RADIONUCLIDES SW03192 
RADIONUCLIDES SW03292 
RADIONUCLIDES SW03292 
RADIONUCLIDES SW03292 
RADIONUCLIDES SW03292 
RADIONUCLIDES SW03292 

WATER-QUALITY SW00192 
WATER-QUALITY SW00192 
WATER-QUALITY SW00192 
WATER-QUALITY SW00192 
WATER-QUALITY SW00192 

T/D - - -  
D 
D 
D 
D 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

T 
T 
T 
T 
T 

Tab1 Blb -7 
Validation Counts for Real Samples 
By Medium and Sample Analysis 

Duplicate Real Real DUP 
\ 

Chemical Name Sample Num Sample Num Unite Result Result RPD 

PLUTONIUM- 239 /24 0 
URANIUM- 2 3 3 /234 
URANIUM-235 
URANIUM-238 
PLUTONIUM- 23 9 /24 0 
URANIUM-235 
AMERICIUM-241 
GROSS ALPHA 
GROSS BETA 
URANIUM-233/234 
URANIUM-238 
GROSS BETA 
PLUTONIUM-239/240 
URANIUM-238 
AMERICIUM- 24 1 
GROSS ALPHA 
URANIUM-233/234 
AMERICIUM-241 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM- 235 
URANIUM-238 
AMERICIUM-241 
GROSS ALPHA 
PLUTONIUM-239/240 
URANIUM- 233 /234 
URRNIUM - 2 3 8 
AMMONIA 
BICARBONATE AS CAC03 
CHLORIDE 
FLUORIDE 
NITRATE/NITRITE 

SW07220CH SW07219CH PCI/L 
SW0722OCH SW07219CH PCI/L 
SW0722OCH SW07219CH PCI/L 
SW07220CH SW07219CH PCI/L 
SW07003CH SW07001CH PCI/L 
SW07003CH SW07001CH PCI/L 
SW8022OWCU3 SWO194OWCU3 PCI/L 
SW8022OWct13 SWO194OWCU3 PCI/L 
SW8022OWCU3 SWOl94OW~3 PCI/L 

SW8022OWCU3 SWO194OWCU3 PCI/L 
S W O O ~ ~ O W C U ~  S W O ~ ~ ~ O W C U ~  PCI/L 

SWO7215CH 
S WO 72 15 CH 
SW07215CH 

SW07017CH 
SW07017CH 
SW07220CH 
SW0722OCH 
SW07220CH 
SW0722OCH 
SW07 2 20CH 
S W072 2 OCH 
S WO 7 2 2 OCH 
SWO 7 0 2 7CH 
S W 0 7 02 7CH 
SW07027CH 
SW07027CH 
SW07027CH 

s wo 701 7CH 

SW07214CH 
SW07214CH 
SW07214CH 
SW07016CH 
SW07016CH 
SW07016CH 
SW07219CH 
SW07219CH 
SW07219CH 
SW07219CH 
SW072 19CH 
SWO 7 2 19 CH 
SW07219CH 
SW07023CH 
SW07023CH 
SW07 023CH 
SW070 23CH 
SW07023CH 

PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI /L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 
PCI/L 

SW80218WCU3 SWO1938WCU3 Mo/L 
SW80218WCU3 SWO1938WCU3 MG/L 
SW80218WCU3 SWO1938WCU3 MG/L 
SW80218WCU3 SWO1938WCU3 MQ/L 
SW80218WCU3 SWO1938WCU3 MQ/L 

.OOl 

.675 - .004 

.341 

.OOl 

.170 

.006 
1.900 
4.600 
1.200 
.870 

3.000 
.006 
.SO0 
.005 

1.200 
.490 
.013 
.622 

2.487 
.002 
.549 
.035 
.438 
.Oll 

1.900 
.004 
.700 
,850 

1.100 
132.000 
61.600 

.610 
1. eo0 

.OOl 

.546 - .012 

.377 

.004 

.160 

.005 

.910 
2.900 
1.100 
.820 

4.800 
.004 
.360 
.019 

1.500 
.730 

0.000 
1.092 
2.147 
- -001 
.675 - -022 
.830 
.006 

1.300 
.003 
.780 
.520 

1.100 
133.000 
49.500 

.610 
1.700 

73.85% 
21.11% 
93.37% 
10.09% 
120.00% 
6.06% 
18.18% 
70.46% 
45.33% 
8.70% 
5.92% 
46.15% 
50.00% 
32.56% 
116.674 
22.22% 

200.OOt 
54.89% 
14.67% 
448.37% 
20.68% 
878.07% 
61.76% 
58.82% 
37.50% 
28.57% 
10.81% 
48.18% 

39.34! 

0 . 0 0 %  
.75% 

21.78% 
0.00% 
5.71% 
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sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
SW 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

Sample Location 

WATER -QUALITY SW 0 019 2 
WATER-QUALITY SW00192 
WATER - QUALITY SWO 0 19 2 
WATER-QUALITY 9100192 
WATER-QUALITY SW00392 
WATER - QUALITY SWO 0 3 9 2 
WATER-QUALITY SW00392 
WATER-QUALITY SW00392 
WATER-QUALITY SW00392 
WATER-QUALITY SW00392 
WATER-QUALITY SW00392 
WATER-QUALITY SW00692 
WATER-QUALITY SW00692 
WATER-QUALITY SW00692 
W RTER - QUALITY SW 0 0 6 9 2 
WATER-QUALITY SW00692 
WATER-QUALITY SW00692 
WATER-QUALITY SW00692 
WATER-QUALITY SW02092 
WATER-QUALITY SW02092 
WATER-QUALITY SW02092 
WkTER-QUALITY SW02092 
WATER-QUALITY SW02092 
WJiTER - QUALITY SW 0 2 09 2 
WATER - QUALITY S WO 2 0 9 2 
WATER - QUALITY SWO 2 0 9 2 
WATER-QUALITY SW02792 
WATER-QUALITY SW02792 
WATER-QUALITY SW02792 
WATER-QUALITY SW02792 
WATER-QUALITY SW02792 
WATER-QUALITY SW02792 
WATER-QUALITY SW03092 
WATER-QUALITY SW03092 
WATER-QUALITY SW03092 

T/D - - -  

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

Table (3-7 
Validation Counts for Real Samplee 
By Medium and Sample Analyeis 

PHOSPHORUS 
SULFATB 
TOTAL DISSOLVED SOLIDS 
TOTAL SUSPENDBD SOLIDS 
BICARBONATB AS CAC03 
FLUORIDB 
ORTHOPHOSPHATE 
PHOSPHORUS 
SULFATE 
TOTAL DISSOLVED SOLIDS 
TOTAL SUSPENDED SOLIDS 
AMMONIA 
BICARBONRTE As CAC03 
CHLORIDE 
FLUORIDB 
PHOSPHORUS 
SULFATB 
TOTAL DISSOLVED SOLIDS 
AMMONIA 
BICARBONATB As CAC03 
CARBONATB As CAW3 
CHLORIDB 
FLUORIDE 
SULFATB 
TOTAL DISSOLVED SOLIDS 

BICARBONATE AS CAC03 
CARBONATE AS CAC03 
CHLORIDE 
FLUORIDE 
SULFATB 
TOTAL DISSOLVED SOLIDS 
BICARBONATE AS CAC03 
CARBONATB AS CACO3 
FLUORIDB 

TOTAL SUSPENDED SOLIDS 

SW80218WCU3 SWO1938WCU3 Ma/L 
SW80218WCU3 SWO1938WCU3 MQ/L 

SW80218WCU3 SWO1938WCU3 m/L 
SW07003CH SW07001CH MQ/L 
SW07003CH SW07001CH W / L  
SW07003CH SW07001CH MQ/L 
SW07003CH SW07001CH MQ/L 
SW07003CH SW07001CH MQ/L 
SW07003CH SW07001CH MQ/L 
SW07003CH SW07001CH MU/L 
SW8022OWCU3 SWO194OWCU3 W / L  
SW8022OWCU3 SWO194OWCU3 MQ/L 
SW8022OWCU3 SWO194OWCU3 MQ/L 
SW8022OWCU3 SWO194OWCU3 MQ/L 
SW8022OWCU3 SWO194OWCU3 MQ/L 

SW8022OWCU3 SWO194OWCU3 MQ/L 

S W B O ~ I W C U ~  s w o i g ~ e w ~ ~ 3  MQ/L 

SW8022OWCU3 swo194owCU3 MQ/L 

SW07112CH 
SW07 11 2 CH 
SW07112CH 
SW07112CH 
SW07112CH 
SW07112CH 
SW07112CH 
SW07112CH 
SW07215CH 
SW07215CH 
SW07215CH 
SW07215CH 
SW07215CH 
SW07215CH 
SW07017CH 
SW070 17CH 
SW07017CH 

0 

SWO7111CH 
SW07111CH 
SW07111CH 
SW07111CH 
SW07111CH 
SW07111CH 
SW07111CH 
SW07lllCH 
SW07214CH 
SW07214CH 
SW07214CH 
SW07214CH 
SW07214CH 
SW07214CH 
SW07016CH 
SW07016CH 
SW07016CH 

.094 
57.300 
332.000 
21.000 
36.700 

.326 

.060 

.072 
17.000 
77.000 
22 .ooo 

.a60 
24.100 
5.000 
.410 
.loo 

20.900 
74.000 

. 050 
39.100 
42.800 
22.100 

.593 
16.100 
152.000 
10.000 
33.900 
43.200 
23.900 

,684 
15.600 
174.000 
18.500 
52.200 

.609 

.130 
58.300 

340.000 
20.000 
35.000 

.336 

.OS8 

.076 
17.100 
82.000 
17.000 

.720 
20.100 
11.100 

-400 
.089 

20.800 
82.000 

.OS5 
39.300 
42.000 
21.900 

.576 
16.300 
152.000 

8 . 0 0 0  
33.100 
43.800 
24.600 

.684 
15.600 
181.000 
25.300 
46.600 

.609 

32.14% 
1.73% 
2.38% 
4.88% 
4.74% 
3.02% 

. 3.39% 
5.41% 
.59% 

6.29% 
25.64% 
17.72% 
18.10% 
75.78% 
2.47% 
11.64% 

-48% 
10.26% 
9.52% 
.51% 

1 ..89% 
.91% 

2.91% 
1.23% 
0 . 0 0 %  
22.22% 
2.39% 
1.38% 
2.89% 
0.00% 
0.00% 
3.94% 
31.05% 
11.34% 



6/02/95 Table 0-7 
Validation Counte for Real Samplee 
By Medium and Sample Analyeie 

Sample Location Duplicate Real Real DUP 
Medium Analysis Code T/D Chemical Name Sample Num Sample Num Unite Result Result RPD 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

WATER-QUALITY SW03092 
WATER-QUALITY SW03092 
WATER-QUALITY SW03092 
WATER-QUALITY SW03092 
WATER-QUALITY SW03092 
WATER-QUALITY SW03192 
WATER-QUALITY SW03192 
WATER-QUALITY SW03192 
WATER-QUALITY SW03192 
WATER-QUALITY SW03192 
WATER-QUALITY SW03292 
WATER-QUALITY SW03292 
WATER-QUALITY SW03292 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

OIL AND GREASE 
ORTHOPHOSPHATE 
PHOSPHORUS 
SULFATE 
TOTAL DISSOLVED SOLIDS 
BICARBONATE AS CAC03 
CHLORIDE 
FLUORIDE 
SULFATE 
'IWl'AL DISSOLVED SOLIDS 
BICARBONATB AS cAC03 
FLUORIDE 
TOTAL DISSOLVED SOLIDS 

SW07017CH 
SW07017CH 
SW07017CH 
SW07017CH 
SW07017CH 
SW07220CH 
SW07220CH 
SW07220CH 
SW07220CH 
SW07220CH 
SW07027CH 
SW07027CH 
SW07027CH 

SW07016CH 
SW07016CH 
SW07016CH 
SW07016CH 
SW07016CH 
SW07219CH 
SW07219CH 
SW07219CH 
SW07219CH 
SW07219CH 
SW07023CH 
SW07023CH 
SW07023CH 

19.500 7.540 
.185 .286 
6 072 .078 

18.600 18.400 
175.000 100.000 
52.800 52.400 
7.820 8.080 
564 .572 

41.000 41.000 
109.000 101.000 
50.100 50.300 

.571 .554 
140.000 130.000 

88.46% 
42.89% 

8 . 0 0 %  
1.08% 
2.82% 
.76% 

3.27% 
1.41% 
0.00% 
7.62% 
. .40% 
3.02% 
7.41% 



6/02/95 e *  e Table  0 - 8 -  
Matrix Spike Recovery Data 

Sample Sample QC Sample Lab Lab Analys ie  T e s t  
Loca t ion  N u m b e r  Type Code Date Code Batch I D  Date Qroup 

I 

SW02192 SW07205CH SW REAL 10/02/92 TMAS S210119 
SW03592 SW07225CH SW REAL 10/14/92 TMAS 5210321 
SW02192 SW07205CH SW-- REAL 10/02/92 TMAS S210119 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SWO7225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 

Average P e r c e n t  Re 

SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 

sw 
sw 
SW 
sw 
sw 
sw 
sw 
sw 
sw 

REAL 10/14/92 TMAS 
REAL 10/02/92 TMAS 
REAL 10/14/92 TMAS 
REAL 10/02/92 TMAS 
RBAL 10/14/92 TMAS 
REAL 10/02/92 TMAS 
REAL lO/l4/92 TMAS 
REAL 10/02/92 TMAS 
RBAL 10/14/92 TMAS 

covered for T e s t  (iroup: 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

RBAL 10/02/92 TMAS 
RBAL 10/14/92 TMAS 
REAL 10/02/92 TMAS 
REAL lO/l4/92 TMAS 
REAL 10/02/92 TMAS 
REAL lO/l4/92 TMAS 
REAL 10/02/92 TMAS 
REAL 10/14/92 TMAS 
REAL 10/02/92 TMAS 
RgAL lO/l4/92 TMAS 
REAL 10/02/92 TMAS 
REAL 10/14/92 TMAS 
REAL 10/02/92 TMAS 
REAL 10/14/92 TMAS 
REAL 10/02/92 TMAS 
REAL 10/14/92 TMAS 
REAL 10/02/92 TMAS 
REAL 10/14/92 TMAS 
REAL 10/02/92 TMAS 
REAL 10/14/92 TMAS 
REAL 10/02/92 TMAS 
REAL 10/14/92 TMAS 

5210321 
S210119 
S210321 
5210119 
S210321 
S210119 
S21032l 
5210119 
5210321 

5210119 
S2103 2 1  
5210119 
S210321 
8210119 
52 103 21 
8210119 
52 103 2 1 
S210119 
S210321 
5210119 
S21032l 
S210119 
S210321 
S210119 
S210321 
5210119 
5210321 
S210119 
5210321 
S210119 
S210321 

12/04/92 DMBTADD 
12/23/92 DMBTADD 
12/04/92 DMBTADD 
12/23/92 DMETADD 
11/16/92 DMBTADD 
12/10/92 DMBTADD 
12/04/92 DMBTADD 
12/23/92 DMBTADD 
12/04/92 DMETADD 
12/23/92 DMBTADD 
12/21/92 DMBTADD 
12/28/92 DMBTADD 

12/04/92 DSMETCLP 
12/23/92 DSMETCLP 
12/04/92 DSMETCLP 
12/23/92 DSMETCLP 
12/19/92 DSMBTCLP 
12/23/92 DSMETCLP 
12/04/92 DSMETCLP 
12/23/92 DSMETCLP 
12/04/92 DSMETCLP 
12/23/92 DSMETCLP 
12/04/92 DSMBTCLP 
12/23/92 DSMBTCLP 
12/04/92 DSMETCLP 
12/23/92 DSMETCLP 
12/04/92 DSMETCLP 
12/23/92 DSMBTCLP 
12/04/92 DSMETCLP 
12/23/92 DSMETCLP 
12/04/92 DSMETCLP 
12/23/92 DSMETCLP 
12/18/92 DSMETCLP 
12/23/92 DSMETCLP 

Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 

Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
M3 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 

LITHIUM 
LITHIUM 
M~LYBDENUM 
MOLYBDBN~M 
SILICON 
SILICON 
STRONTIUM 
STRONTIUM 
TIN 
TIN 
'I"& RADIOCESIUM 
'I"& RADIOCESIUM 

ALUMINUM 
ALUMINUM 
ANTIMONY 
ANTIMONY 
ARSENIC 
ARSENIC 
BARIUM 
BARIUM 
BERYLLIUM 
BERYLLIUM 
CADMIUM 
CADMIUM 
CHROMIUM 
CHROMIUM 
COBALT 
COBALT 
COPPER 
COPPER 
IRON 
I RON 
LEAD 
LEAD 

98.3 
96.9 
97.9 
95.3 
86.8 
92.9 
98.2 , 

95.8 
95.3 u 
95.2 U 
91.5 U 
8 8 . 0  

94.3 

95.6 
97.9 u 
96.2 U 
95.8 U 
95.9 u 

103.0 U 
97.4 
95.2 

100.0 u 
99.2 U 

101.0 u 
98.1 u 
95.0 u 
96.5 U 
98.2 U 
96.8 U 
96.0 U 
96.2 U 
94.4 

106.0 
88 .1  
81.5 

I 



SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SWO7225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02192 SW07205CH 
SW03592 SW07225CH 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw ' 

RRAL 10/02/92 TMAS 
REAL lO/l4/92 TMAS 
REAL 10/02/92 TMAS 
REAL 10/14/92 TMAS 
RBAL 10/02/92 TMAS 
REAL 10/14/92 TMAS 
REAL 10/02/92 TMAS 
RBAL 10/14/92 TMAS 
REAL 10/02/92 TMAS 
REAL lO/l4/92 TMAS 
REAL 10/02/92 TMAS 
REAL 10/14/92 TMAS 
REAL 10/02/92 TMAS 
REAL 10/14/92 TMAS 
REAL 10/02/92 TMAS 
RRAL lO/l4/92 TMAS 

Average Percent Recovered for Teet Qroup: 

SW02092 SW07114CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02092 SW07114CH 
SW02192 SW07205CH 
SWO 3 5 9 2 .SWO 72 2 5CH 
SW02092 SW07114CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02092 SW07114CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02092 SW07114CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02092 SW07114CH 
SW02192 SW07205CH 
SW03592 SW07225CH 

e 

SW Ms 9/14/92 TMAS 
SW REAL 10/02/92 TMAS 
SW REAL 10/14/92 TMAS 
SW MS 9/14/92 TMAS 
SW REAL 10/02/92 TMAS 
SW REAL 10/14/92 TMAS 
SW MS 9/14/92 TMAS 
SW RRAL 10/02/92 TMA3 
SW REAL lO/l4/92 TMAS 
SW MS 9/14/92 TMAS 
SW REAL 10/02/92 TMAS 
SW , REAL lO/l4/92 TMAS 
SW MS 9/14/92 TMAS 
SW REAL 10/02/92 TMAS 
SW REAL 10/14/92 TMAS 
SW MS 9/14/92 TMAS 
SW REAL 10/02/92 TMAS 
SW ,REAL 10/14/92 TMAS 

I 

5210119 
5210321 
5210119 
Sa10321 
S210119 
Sa10321 
9230119 
5210321 
8310119 
S210321 
5210119 
S2 103 2 1 
5210119 
5210321 
5210119 
92 103 2 1 

5209401 
5210118 
5210319 
5209401 
5210118 
S210319 
5209401 
S210118 
52 103 19 
5209401 
5210118 
5210319 
S209401 
S210118 
5210319 
5209401 
S210118 
S210319 

12/04/92 DSMETCLP 
12/23/92 DSMETCLP 
10/23/92 DSMETCLP 
ll/l0/92 DSMETCLP 
12/04/92 DSMETCLP 
12/23/92 DSMETCLP 
12/19/92 DSMETCLP 
12/23/92 DSMETCLP 
12/04/92 DSMETCLP 
12/23/92 DSMETCLP 

12/23/92 DSMETCLP 
12/04/92 DSMETCLP 
12/23/92 DSMETCLP 
12/04/92 DSMETCLP 
12/23/92 DSMETCLP 

ia/ie/sa DSM~TCLP 

11/11/92 METADD 
12/03/92 METADD 
l2/20/92 METADD 
11/11/92 METADD 
12/03/92 METADD 
12/20/92 METADD 
10/16/92 METADD 
11/16/92 METADD 
12/10/92 METADD 
11/11/92 METADD 
12/03/92 METADD 
12/20/92 METADD 
11/11/92 METADD 
12/03/92 METADD 
12/20/92 METADD 
12/08/92 METADD 
12/21/92 METADD 
12/28/92 METADD 

Ms 
Ms 
Ms 
Ms 
M9 
Ms 
Ms 
Ms 
M9 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 

Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
MS 
Ms 

MANGANESE 
MANQANRSE 
MERCURY 
MERCURY 
NICKEL 
NICKEL 
SELENIUM 
SELBNIUM 
SILVER 
SILVBR 
THALLIUM 
THALLIUM 
VANADIUM 
VANADIUM 
ZINC 
ZINC 

LITHIUM 
LITHIUM 
LITHIUM 
MOLYBDENUM 
MOLYBDENUM 
MOLYBDENUM 
SILICON 
SILICON 
SILICON 
STRONTIUM 
STRONTXUM 
STRONTIUM 
TIN 
TIN 
TIN 
TOTAL RADIOCESIUM 
TOTAL RADIOCESIUM 
TOTAL RADIOCESIUM 

97 .4 
96.9 
98.4 
77.0 
97.2 
97.3 

99.8 
85.2 
92.9 
82.8 
80.5 
96.9 
96.0 
98.3 
98.1 

93.7 

93.9 
101.0 
86.2 
89.9 
93.5 
85.1 
87.6 
86.6 
87.3 
92.6 
96.6 
84.7 
90.6 
94.3 
82.1 
85.0 
85.0 
82 .S 

43.4 , 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 



6/02/95 a Table G - 8  e 
Matrix Spike  Recovery Data 

Average P e r c e n t  Recovered for  T e s t  Group: 

SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 
SW03092 SW07016CH 

sw 
sw 
sw 
sw 
s w  
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
s w  
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
R m L  
RRAL 
REAL 
REAL 

7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMA3 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 
7/21/92 TMAS 

Average P e r c e n t  Recovered for T e s t  Group: 

9207178 
5207178 
S207178 
5207176 
8207178 
S207178 
9207178 
8207178 
S207178 
5207178 
5207178 
9207178 
5207178 
S207178 
5207178 
5207178 
5207178 
5207178 
9207178 
8207178 
5207178 
5207178 
5207178 
5207178 
S207178 

- _  
8/18/92 METCLP 
8/18/92 METCLP 
9/13/92 METCLP 
8/18/92 METCLP 
8/18/92 METCLP 
8/18/92 METCLP 
8/18/92 METCLP 
8/18/92 MBTCLP 
8/18/92 METCLP 
8/18/92 METCLP 
9/14/92 METCLP 
8/18/92 METCLP 
8/18/92 METCLP 
8/14/92 METCLP 
8/18/92 METCLP 
8/18/92 METCLP 
9/13/92 METCLP 
8/13/92 METCLP 
8/18/92 METCLP 
8/18/92 METCLP 
9/14/92 METCLP 
8/18/92 METCLP 
9/10/92 METCLP 
8/18/92 METCLP 
8/18/92 METCLP 

Ms 
Ms 
Ms 
Ms 
Ms 
Ma 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM . 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
LITHIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
SELENIUM 
9 I LICON 
SILVER 
STRONTIUM 
THALLIUM 
TIN 
TOTAL RADIOCESIUM 
VANADIUM 
ZINC 

SW02092 SW07114CH SW MS 9/14/92 TMAS 5209401 
SW02192 SW07205CH SW REAL 10/02/92 TMAS 5210118 
SW03592 SW07225CH SW REAL 10/14/92 TMAS S210319 
SW02092 SW07114CH SW MS 9/14/92 TMAS S209401 
SW02192 SW07205CH SW RgAL 10/02/92 TMAS S210118 
SW03592 SW07225CH SW REAL 10/14/92 TMAS 5210319 

11/11/92 SMETCLP 
12/03/92 SMETCLP 
12/20/92 SMETCLP 
11/11/92 SMETCLP 
12/03/92 SMETCLP 
12/20/92 SMETCLP 

Ms 
Ms 
Ms 
Ms 
Ms 
Ms 

ALUMINUM 
ALUMINUM 
ALUMINUM 
ANTIMONY 
ANTIMONY 
ANTIMONY 

89.1  

97.7 
94.1 U 
96.5 
96.7 , 

97.1 u 
94.6 U 
95.4 u 
95.6 U 
95.9 u 
97.0 
75.1 
93.9 
96.1 
81.9 U 
94.7 u 
94.2 U 
52.4 U 
95.1 
97.7 u 
96.1  
41.6 U 
89.2 U 
93.0 
96.6 U 
94.5 

90.1 

93.0 
106.0 

92.6 
96.0 U 
94.7 u 
82.4 U 



16/02/95 Table Q-8 
Matrix Spike Recovery Data 

Sample Sample QC Sample Lab 
Location Number Type Code Date Code - - - - - - - -  - - - - - - - - -  - - - - - -  - - - -  - - - - - - - -  - - - - -  
SW02092 SW07114CH SW Ms 9/14/92 TMAS 
SW02192 SW07205CH SW REAL 10/02/92 TMAS 
SW03592 SW07225CH SW REAL 10/14/92 TMAS 
SW02092 SW07114CH SW MS 9/14/92 TMAS 
SW02192 SW07205CH SW REAL 10/02/92 TMAS 
SW03592 SW07225CH SW REAL 10/14/92 TMAS 
SW02092 SW07114CH SW Ms 9/14/92 TMAS 
SW02192 SW07205CH SW REAL 10/02/92 TMAS 
SW03592 SW07225CH SW REAL 10/14/92 TMAS 
SW02092 SW07114CH SW Ms 9/14/92 TMAS 
SW02192 SW07205CH SW REAL 10/02/92 TMAS 
SW03592 SW07225CH SW REAL 10/14/92 "MA3 
SW02092 SW07114CH SW MS 9/14/92 TMA3 
SW02192 SW07205CH SW REAL 10/02/92 TMAS 
SW03592 SW07225CH SW REAL 10/14/92 TMAS 
SW02092 SW07114CH SW MS 9/14/92 TMAS 
SW02192 SW07205CH SW REAL 10/02/92 TMAS 
SW03592 SW07225CH SW REAL 10/14/92 TMAS 
SW02092 SW07114CH SW Ms 9/14/92 TMAS 
SW02192 SW07205CH SW REAL 10/02/92 TMAS 
SW03592 SW07225CH SW REAL 10/14/92 TMAS 
SW02092 SW07114CH SW MS 9/14/92 "MA3 
SW02192 SW07205CH SW REAL 10/02/92 TMAS 
SW03592 SW07225CH SW REAL 10/14/92 TMAS 
SW02092 SW07114CH SW Ms 9/14/92 TMAS 
SW02192 SW07205CH SW REAL 10/02/92 TMAS 
SW03592 SW07225CH SW REAL 10/14/92 TMAS 
SW02092 SW07114CH SW MS 9/14/92 TMAS 
SW02192 SW07205CH SW REAL 10/02/92 TMRS 
SW03592 SW07225CH SW R W  10/14/92 TMAS 
SW02092 SW07114CH SW MS 9/14/92 TMAS 
SW02192 SW07205CH SW REAL 10/02/92 TMAS 
SW03592 SW07225CH SW REAL 10/14/92 TMAS 
SW02092 SW07114CH SW Ms 9/14/92 TMAS 
SW02192 SW07205CH SW R W  10/02/92 TMAS 
SW03592 SW07225CH SW REAL 10/14/92 TMAS 
SW02092 SW07114CH SW MS 9/14/92 "MAS 

Lab 
Batch ID - - - - - - - - - - -  
5209401 
5210118 
S210319 .-- 
5209401 
5210118 
Sa10319 
5209401 
52 1011 8 
5210319 
5209401 
5210118 
5210319 
S209401 
5210118 
9210319 
5209401 
5210118 
5210319 - 
5209401 
5210118 
S210319 ' 

5209401 
5210118 
5210319 
S209401 
5210118 
5210319 
5209401 
S210118 
Sa10319 
S209401 
5210118 
S2 103 19 
S209401 
S210118 
S210319 
S209401 

Analyeis Teat Result 
Date Qroup Type. - - - - - - - -  - - - - - - - - -  - - - - - -  

12/05/92 SMETCLP Ms 
12/19/92 SMETCLP Ms 
12/23/92 SMBTCLP Ms 
11/11/92 SMETCLP Ms 
12/03/92 SMETCLP Ms 
12/20/92 SMETCLP Ms 
11/11/92 SMETCLP Ms 
12/03/92 SMETCLP Ms 
12/20/92 SMETCLP Ms 
11/11/92 SMETCLP Ms 
12/03/92 SMETCLP Ms 
12/20/92 SMETCLP Ms 
11/11/92 SMETCLP Ms 
12/03/92 SMETCLP Ms 
12/20/92 SMETCLP MS 
11/11/92 SMETCLP Ms 
12/03/92 SMETCLP Ms 
12/20/92 SMETCLP Ms 
11/11/92 SMETCLP Ms 
12/03/92 SMETCLP Ms 
l2/20/92 SMETCLP Ms 
11/11/92 SMETCLP Ms 
12/03/92 SMETCLP Ms 
12/20/92 SMBTCLP Ms 
12/05/92 SMETCLP MS 
12/18/92 SMETCLP Ms 
12/23/92 SMETCLP Ms 
11/11/92 SMETCLP Ms 
12/03/92 SMBTCLP Ms 
12/20/92 SMETCLP Ms 
10/09/92 SMETCLP Ms 
l0/22/92 SMETCLP MS 
11/10/92 SMETCLP MS 
11/11/92 SMETCLP Ms 
12/03/92 SMETCLP Ms 
12/20/92 SMETCLP Ms 
12/05/92 SMETCLP MS 

Chemical - - - - - - - - - - - - - - - - -  
ARSENIC 
ARSENIC 
ARSENIC 
BARIUM 
BARIUM 
BARIUM 
BERYLLIUM 
BERYLLIUM 
BERYLLIUM 
CADMIUM 
CADMIUM 
CADMIUM 
CHROMIUM 
CHROMIUM 
CHROMIUM 
COBALT 
COBALT 
COBALT 
COPPER 
COPPER 
COPPER 
IRON 
IRON 
I RON 
LEAD 
LEAD 
LEAD 
MANQANESE 
MANGANESE 
MANGANESE 
MERCURY 
MERCURY 
MERCURY 
NICKBL 
NICKEL 
NICKEL 
SELENIUM 

Result 
(%Ret) Qual - - - - - -  - - - -  
89.4 
95.6 
75.4 u 
92.4 
95.1 
83.4 
97.2 ,U 
94.9 u 
85.9 u 
90.9 u 
99.4 u 
88.4 U 
93.1 U 
94.1 u 
84.9 U 
91.7 U 

83.7 U 
92.7 U 
93.7 u 
85.8 u 
93.3 
99 .a 
109 .O 
78 -5 
85.5 
95.8 
91.8 
93.9 
83.7 
60.3 U 
94.1 u 
88.6 
91.9 u 
94.3 
87.6 
63.3 U 

97.5 u . .. 



6/02/95 Table 0 - 8  0 
Matrix Spike Recovery Data 

SW02192 SW07205CH 
SW03592 SW07225CH 
SW02092 SW07114CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02092 SW07114CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02092 SW07114CH 
SW02192 SW07205CH 
SW03592 SW07225CH 
SW02092 SW07114CH 
SW02192 SW07205CH 
81303592 SW07225CH 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

REAL 10/02/92 TMAS 
REAL 10/14/92 TMAS 
MS 9/14/92 TMAS 
REAL 10/02/92 TMAS 
RRAL lO/l4/92 TMAS 
MS 9/14/92 TMAS 
REAL 10/02/92 TMAS 
RBAL 10/14/92 TMAS 
MS 9/14/92 "MA9 
REAL 10/02/92 TMAS 
REAL 10/14/92 TMAS 
MS 9/14/92 TMAS 
REAL 10/02/92 TMAS 
REAL 10/14/92 TMAS 

Average Percent Recovered for Test Qroup: 

5210118 
52103 19 
5209401 
5210118 
S210319 
5209401 
5210118 
S210319 
5209401 
Salol18 
S210319 
S209401 
5210118 
S210319 

SW02192 SW07205CH 
SW02192 SW07205CH 
SW03392 SW07222CH 
SW03392 SW07222CH 
SW02192 SW07205CH 
SW02192 SW07205CH 
SW03392 SW07222CH 
SW03392 SW07222CH 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

REAL 10/02/92 ITAUS xgsw 100992 
REAL 10/02/92 ITAUS xgsw 100992 
RBAL 10/13/92 ITAUS xgsw 101592 
REAL 10/13/92 ITAUS xgsw 101592 
REAL 10/02/92 ITAUS xgsw 100992 
REAL 10/02/92 ITAUS xgsw 100992 
REAL 10/13/92 ITAUS xgsw 101592 
REAL 10/13/92 ITAUS xgsw 101592 

Average Percent Recovered for Test Group: 

S WO 2 6 9 2 S WO 7 0 12 CH 
SW01792 SW07108CH 
SW02192 SW07205CH 
SW03392 SW07222CH 
SW02692 SW07012CH 
SW01792 SW07108CH 
SW02192 SW07205CH 
SW03392 SW07222CH 
SW03092 SW07016CH 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

REAL 7/20/92 
REAL 9/15/92 
REAL 10/02/92 
REAL 10/13/92 
RBAL 7/20/92 
RBAL 9/15/92 
REAL 10/02/92 
REAL 10/13/92 
REAL 7/21/92 

ITLSL 5170 
ITLSL 9190 
ITLSL 5195 
ITLSL 5207 
ITLSL 5170 
ITLSL S190 
ITLSL 5195 
ITLSL S207 
TMAS S207178 

12/19/92 SMETCLP 
12/23/92 SMBTCLP 
11/11/92 SMBTCLP 
12/03/92 SMBTCLP 
12/20/92 SMETCLP 
12/05/92 SMETCLP 
12/18/92 SMETCLP 
12/23/92 SMBTCLP 
11/11/92 SMBTCLP 
12/03/92 SMETCLP 
12/20/92 SMBTCLP 
11/11/92 SMETCLP 
12/03/92 SMETCLP 
12/20/92 SMETCLP 

l0/22/92 TRIPES619 
10/22/92 TRIPES619 
11/05/92 TRIPES619 
11/05/92 TRIPES619 
10/22/92 TRIPBS619 
l0/22/92 TRIPBS619 
11/05/92 TRIPES619 
11/05/92 TRIPBS619 

7/23/92 WQPL 
10/08/92 WQPL 
10/08/92 WQPL 
10/23/92 WQPL 
7/23/92 WQPL 
9/18/92 WQPL 
10/08/92 WQPL 
10/27/92 WQPL 
8/05/92 WQPL 

Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 

Ms 
MSD 
Ms 
MSD 
Ms 
MSD 
Ms 
MSD 

Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 

SBLBNIUM 
SELBNIUM 
SILVER 
SILVER 
SILVER 
THALLIUM 
THALLIUM 
THALLIUM 
VANADIUM 
VANADIUM 
VANADIUM 
ZINC 
ZINC 
ZINC 

ATRAZINE 
ATRAZINE 
ATRAZINE 
ATRAZINE 
SIMAZINE 
SIMAZINE 
SIMAZINE 
SIMAZINE 

AMMONIA 
AMMONIA 
AMMONIA 
AMMONIA 
CHLORIDE 
CHLORIDE 
CHLORIDE 
CHLORIDE 
CYANIDE 

79.7 
54.0 
87.2 
90.2 
,77.3 
71.3 
77.1 
56.0 
94.8 
94.3 
84.2 
91.7 
94 . O  
97.1 

88.2 

99.0 
101.0 
96'. 0 
85.0 
96.0 

. 98.0 
92 . O  
85.0 

94 . O  

94 . O  
101.0 
107.0 
101.0 
30.0 
114 . O  
106.0 
140.0 
188.0 

U 
U 
U 
U 
U 
u .  
U 
U 

U 
U 

U 



16/02/95 Table (3-8 
Matrix Spike Recovery Data 

Sample Sample QC Sample Lab Lab 
Location Number Type Code Date Code Batch ID 

SW02092 SW07114CH SW MS 9/14/92 TMAS 5209401 ' SW02192 SW07205CH SW REAL 10/02/92 TMFU 5210118 
SW03592 SW07225CH SW REAL 10/14/92 TMFU 5210319 
SW02692 SW07012CH SW REAL 7/20/92 ITLSL 5170 
SW01792 SW07108CH SW REAL 9/15/92 ITLSL 5190 

, SW02192 SW07205CH SW REAL 10/02/92 ITLSL S195 
SW03392 SW07222CH SW REAL 10/13/92 ITLSL 5207 
SW02692 SW07012CH SW REAL 7/20/92 ITLSL S170 
SW01792 SW07108CH SW REAL 9/15/92 ITLSL S190 
SW02192 SW07205CH SW REAL 10/02/92 ITLSL S195 
SW03392 SW07222CH SW REAL 10/13/92 ITLSL 9207 
SW01792 SW07108CH SW REAL 9/15/92 ITLSL S190 
SW03092 SW07016CH SW REAL 7/21/92 ITLSL 5170 
SW02192 SW07205CH SW REAL 10/02/92 ITLSL S195 
SW03392 SW07222CH SW REAL lO/l3/92 ITLSL 5207 
SW02692 SW07012CH SW REAL 7/20/92 ITLSL 5170 
SW01892 SW07109CH SW REAL 9/14/92 ITLSL S190 
SW02192 SW07205CH SW REAL 10/02/92 ITLSL 5195 
SW03392 SW07222CH SW REAL lO/l3/92 ITLSL 3207 
SW02692 SW07012CH SW REAL 7/20/92 ITLSL 5170 
SW01792 SW07108CH SW REAL 9/15/92 ITLSL S190 
SW02192 SW07205CH SW REAL l0/02/92 ITLSL S195 
SW03392 SW07222CH SW REAL 10/13/92 ITLSL S207 
SW02692 SW07012CH SW REAL 7/20/92 ITLSL S170 
SW01792 SW07108CH SW REAL 9/15/92 ITLSL S190 
SW02192 SW07205CH SW RBAL 10/02/92 ITLSL S195 
SW03392 SW07222CH SW REAL 10/13/92 ITLSL S207 
SW03092 SW07016CH SW REAL 7/21/92 ITLSL 5170 
SW02192 SW07205CH SW REAL 10/02/92 ITLSL S195 
SW03392 SW07222CH SW REAL 10/13/92 ITLSL S207 

- - - - - - - -  - - - - - - - - -  a _ - - - -  - - - - - - - -  - - e - -  _ _ - _ - _ _ _ - _ _  
Analysie Te6t 
Date Qroup - - - - - - - -  - - - - - - - -  
9/28/92 WQPL 
10/16/92 WQPL 
10/26/92 WQPL 
7/23/92 WQPL 
9/18/92 WQPL 
10/08/92 WQPL 
10/23/92 WQPL 
1/01/00 WQPL 
9/29/92 WQPL 
lO/l2/92 WQPL 
10/27/92 WQPL 
9/17/92 WQPL 
1/01/00 WQPL 
10/13/92 WQPL 
10/20/92 WQPL 
7/22/92 WQPL 
9/16/92 WQPL 
10/04 /9 2 WQPL 
lO/l5/92 WQPL 
8/07/92 WQPL 
9/23/92 WQPL 
10/21/92 WQPL 
10/21/92 WQPL 
7/23/92 WQPL 
9/18/92 WQPL 
10/08/92 WQPL 
10/27/92 WQPL 
7/24/92 WQPL 
10/06/92 WQPL 
lO/l5/92 WQPL 

Re8Ult 
Type Chemical - - - - - - -  - - - - - - - - - - - - - - - - -  
MS CYANIDE 
MS CYANIDB 
MS CYANIDB 
M9 FLUORIDB 
MS FLUORIDE 
MS PLUORIDB 
M9 PLUORIDB 
~9 NITRATB/NITRITB 
MS NITRATE/NITRITE 
MS NITRATE/NITRITE 
MS NITRATB/NITRITB 
MS NITRITE 
MS OIL AND ORBASE 
MS OIL AND QRBASB 
MS OIL AND QREASE 
M9 ORTHOPHOSPHATE 
MS ORTHOPHOSPHATE 
M9 ORTHOPHOSPHATE 
MS. ORTHOPHOSPHATE 
MS PHOSPHORUS 
M9 PHOSPHORUS 
MS PHOSPHORUS 
MS PHOSPHORUS 
MS SULFATB 
MS SULFATE 
MS SULFATE 
MS SULFATE 
MS SULFIDE 
MS SULFIDE 
MS SULFIDE 

Rem1 t 
(%Red Qual - - - - - -  - - - -  
93.3 
105.0 u 
90.4 
106.0 
102.0 
106.0 

99.0 
108.0 
130.0 
97.0 
101.0 
90.0 
104 . O  
97.0 
105.0 
83.0 
86.0 
90.0 - 
100.0 
88.0 
93 . O  
84 . O  
115.0 
140.0 
90.0 
180.0 
78.0 
85.0 
85.0 

100.0 , 

Average Percent Recovered for Test Group: 102.9 

Average Percent Recovered for Sample m e :  93.1 



I ' .  _ .  

PT 

SD 

ss 

sw 
sw 

Table G-9 
High Error Value 

Dissolved Rads 41 
Total Rads 40 

Total Rads 347 

Total Rads 1836 

Total Rads 

Dissolved Rads 
Total Rads 

147 

260 
320 

Records in which 
Error > Result / 2 

914 

25 
30 

160 

605 

26 

225 
267 

(72.48%) 

(60.98%) 
(75.00%) 

(46.11%) 

(32.95%) 

(17.69%) 

(86 . 54%) 
(83 -44%) 

* Represents total number of records for which error values were provided. 
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1/02/95 

Location 

49292 
- - - - - - - -  

49292 
49292 

49292 
49292 
49292 

49292 
49292 

49292 
49292 

49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 
49292 

49292 
49292 
49292 
49292 

49292 
49292 
49292 

49292 

49292 
49292 

Chemicals Detected In QC Saaplcs 

Sample 
QC Code - - - - - - -  

.FB 

FB 
FB 

FB 
FB 
FB 

FB 
FB 

FB 
FB 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 

RNS 

RNS 
RNS 

Sample 
Nuher 

GU30057CH 

GU30057CH 
GU30057CH 

- - - - - - - - - - -  

GU30057CH 
GU30057CH 
GU36057CH 

GU30057CH 
GU30057CH 

GU30057CH 
GU30057CH 

GU30056CH 
GU30056CH - 
GU30056CH 
GU30056CH 
GU30056CH 
GU30056CH 
GU30056CH 
GU30056CH 
GU30056CH 

GU30056CH 
GU30056CH 
GU30056CH 
GU30056CH 

GU30056CH 
GU30056CH 
GU30056CH 

GU30056CH 

GU30056CH 
GU30056CH 

Mediun  - - - - - -  
GU 

GU 
GU 

GU 
GU - 

GU 

GU 
GU 

GU 
GU 

GU 
GU 
GU 
GU 
GU 
GW 
GU 
GU 

GU 

GU 
GU 
GU 
GU 

GU 
GU 
GU 

GU 

GU 
GU 

1/28/93 METALS SoOIu( 77.400 UG/L 

1/28/93 D METALS CALCIUM 
1/28/93 D METALS MAGNESIUM 

85.300 UG/L 
18.600 UG/L 

B 
B 

JA 
V 

201 
201 

1/28/93 D RADIONUCLIDES URANIUM-233/234 
1/28/95 D RADIONUCLIDES URANIUM-235 
1/28/93 D RADIONUCLIDES URANIUM-238 

1 /28/93 T RADIONUCLIDES AMERICI W-241 
1/28/93 1 RADIONUCLIDES PLUTONIW-239/240 

1/28/93 UATER-QUALITY BICARBONATE AS CACO3 
1/28/93 UATER-QUALITY NI TRATE/NITRITE 

.071 PCI/L 

.171 PCI/L 

.039 PCI/L 

.133 J 

.187 J '  

.094 J 

A 
A 
A 

20 1 
201 
201 

.007 PCI/L 
,002 PCI/L 

,006 J 

.004 J 
A 201 
A 201 

3.000 MG/L 
.080 . MG/L 

V 
V 

201 
201 

1/28/93 
1/28/93 
1/28/93 
1/28/93 
1/28/93 
1/28/93 
1 /28/93 
1/28/93 
1/28/93 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

ALUM I NUM 
CALCIUM 
COPPER 
I RON 
MAGNESIUM 
MANGANESE 
SI L I CON 
SoDIun 
ZINC 

39.900 UG/L 
329.000 UG/L 
5.400 UG/L 

108.000 UG/L 
34.600 UG/L 
1.900 UG/L 

125.000 UG/L 
591.000 UG/L 
45.200 UG/L 

BN 
B 
B 

B 
B 

B 

JA 
V 
V 
JA 
JA 
V 
JA 
V 
V 

20 1 
201 
201 
201 
201 
20 1 
201 
201 
20 1 

1/28/93 D METALS CALCIUM 
1/28/93 D METALS MGNESIUM 
1/28/93 D METALS MANGANESE 
1/28/93 D METALS POTASSIUM 

68.400 UG/L 

1.900 UG/L 
390.000 UG/L 

19.300 uwi 
B 
B 
B 
B 

.163 J 

.116 J 

.117 J 

.002 J 

JA 201 
V 201 
V 201 
JA 201 

1/28/93 D RADIONUCLIDES URAN IUM-233/234 
1/28/93 D RADIONUCLIDES URANIUM-235 
1/28/93 D RADIONUCLIDES URANIUM-238 

.lo1 PCI/L 

.030 PCI/L 

.021 PCI/L 

A 
A 
A 

201 
201 
201 

1/28/93 T RADIONUCLIDES AMERICIUM-241 .001 PCI/L A 201 

1/28/93 UATER-QUALITY BICARBONATE AS CAC03 
1/28/93 UATER-QUALITY NITRATE/NITRITE 

1.000 MG/L 
.060 MG/L 

JA 
V 

201 
201 



16/02/95 Table G-10 
Chemicals Detected in QC Sanples 

TR02792 
~ TR02892 

TRO2W2 
7 R 03092 
TR03292 
TR03492 

1 TR03592 
TR03692 
TR03792 
TR02792 
TR03392 
1803692 
TR02792 
TR03692 

PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 
PT 

RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

SED08392 SD RNS 
SED09292 SD RNS 
SED11392 SD RNS 
SED14292 SD RNS 
SED15292 SD RNS 
SED00392 SD RNS 
SED08392 
SED08692 
SED09292 
SED11392 
SED 14292 
SEDl 5292 
SED15392 
SED15392 
SED00392 
SED15392 
SED00392 
SED08392 
SED08692 
SED09192 
SED09292 
SEDl 1392 

SD RNS 
SD . RNS 
SD RNS 
SD RNS 
SD RNS 
SD RNS 
SD RNS 

SD RNS 
so RNS 
SD RNS 

SD RNS 
SO RNS 
SD RNS 

SO RNS 
SD RNS 
SD RNS 

TR02013CH 
TR02032CH 
TR0205 1CH 
TR02070CH 
TRO2108CH 
TR02146CH 
TRO2165CH 
TR02184CH 
TRO2203CH 
TR02013CH 
TR02127CH 
TRO2 1 84CH 
TRO2013CH 
TR02184CH 

SOO6480CH 
SD06654CH 
SD06122CH 
SD06151CH 
SD06211CH 
SD06012CH 
SD06480CH 
SD06567CH 
SD06654CH 
SD06122CH 
SD06151CH 
SD06211CH 
SD06014CH 
SD06014CH 
S006012CH 
SD06014CH 
SD06012CH 
SD06480CH 
SD06567CH 
SO06625CH 
SO06654CH 
SD06122CH 

10126192 
10/23/92 
10127192 
10123192 
10/27/92 
10/21/92 
10/19/92 
10126192 
10/20/92 
10126192 
10122192 
10126192 
10126192 
10126192 

9/08/92 
91 15/92 
9/03/92 
8/28/92 

10/06/92 
71 10192 
9/08/92 
9/01/92 
91 15/92 
9/03/92 
8/28/92 

10/06/92 
7/22/92 
7/22/92 
71 10192 
7/22/92 
71 10192 
9/08/92 
9/01/92 
9/02/92 
9/15/92 
9/03/92 

T 
T 
T 
T 
1 
T 
1 
T 
T 
T 
T 
1 
T 
1 

RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 

RADIONUCLIDES 
RADIONUCLIDES 

METALS 
METALS 
HETALS 
HETALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

.METALS 
METALS 

M E R  1 C I UM- 241 
M E R  I C I  UM- 241 
AMERICIUM-241 
M E R  I C IUM-241 
M E R  I C I W-241 
M E R  I CIW-241 
M E R  I C  I UM- 241 
M E R  I C  I W- 24 1 
M E R  I C  1 UM - 24 1 
PLUTON I UM- 2391240 
PLUTON I UM- 2391240 
PLUTONIUH-239/240 
URAN I W-238 
URANIUH-238 

ALUMINUM 
ALUMINUM 
ALW I NUH 
ALUMINUM 
ALUM I NUH 
BAR I UM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
BARlUH 
BARIUM 
BERYLLIUM 
CADHIUM 
CADMlUn 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 

CALCIUM 
CALCIUM 

.005 PCI/L 

.003 PCI/L 

.005 PCI/L 

.004 PCI/L 

.DO6 PCI/L 

.006 PCIIL 

.004 PCI/L 

.DO5 PCI/L 

.003 PCI/L 

.005 PCI/L 

.006 PCI/L 

.002 PCI/L 
A46 PCI/L 
.040 PCI/L 

247.000 UG/L 
18.700 UG/L 
23.300 UG/L 

1430.000 UG/L 
37.400 UG/L 

1.000 UG/L 
3.000 UG/L 
1.200 UG/L 
2.300 UG/L 
1.200 uG/L 

12.400 UG/L 
.970 UG/L 

10.700 UG/L 
2.4DO UG/L 

53.900 UG/L 
3.000 UG/L 

99.500 UG/L 
817.000 UG/L 
68.500 UG/L 

136.000 UG/L 
103.000 UG/L 
251.000 UG/L 

.005 

.004 

.006 . 005 

.006 

.005 

.005, . 005 

.004 

.005 

.006 

.004 

.092 

. 0% 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

V 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
V 

199 
199 
199 
199 
199 
199 
199 
199 
199 
199 
199 
199 
199 
199 

201 
200 
201 

202 
201 
201 
200 
200 
201 

202 
202 
202 
20 1 
202 
201 
201 
200 
200 
200 
201 

1 



6/02/95 Table G- 18 
Chemicals Detected i n  QC Sanples 

1 Location Medim -------- 
SED14292 
SED15292 
SED15392 
PED09192 
SED14292 
SED09292 
SED15392 
SED08392 
SED14292 
SED 15292 
SED15392 
SED00392 
SED08392 
SED09292 
SEDl 1392 
SED14292 
SED 15292 
SED15392 
SED00392 
SED08692 
SED09192 
SED09292 
SEDl 1392 
SED14292 
SED15292 
SED15392 
SED15392 
SED00392 
SED08392 
SED08692 
SED09292 
SED11392 
SED14292 
SED 15392 
SED00392 
SED08392 
SED08692 
SED09192 

1 .  

------ 
SD 
SD 
SD 
SD 
SD 
SD 

SD 

SD 
SD 
SD 

SD 
SD 
SD 
SD 
SD 
SD 
SD 

SD 
SD 
SD 

SD 

SD 
SD 
SD 

SD 

SD 
SD 

SD 

SO 

SD 
SD 
SD 

SD 
SD 
SD 
SD 

SD 
SD 

Sanple 
ac Coda 
-I----- 

RNS 
RNS 

RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 

RNS 
RNS 
RNS 

RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 

RWS 
RNS 
RWS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

Sanple 

Nmkr 

SD0615 1 CH 
SDOb211 CH 

SD06014CH 
S006625CH 
SD06151 CH 
SD06654CH 
SDO6014CH 
SD06480CH 
SD06151 CH 
SD06211CH 
SD06014CH 
SD06012CH 
SDO648OCH 
SD06654CH 
SD06122CH 
SD06151CH 
SD06211CH 
SD06014CH 
SO06012CH 
SD06567CH 
SD06625CH 
SD06654CH 
SD06122CH 
SD06151 CH 
SO0621 1CH 
SD06014CH 
SD06014CH 
SD06012CH 
SD06480CH 
SD06567CH 
SD06654CH 
SD06122CH 
SO0615 1 CH 
SD06014CH 
SD06012CH 
SD06480CH 
SD06567CH 
SD06625CH 

1-1-----.-- 

, 

---I--.- 

8/28/92 
1 O/D6/92 
7/22/92 
9/02/92 
8/28/92 
9/15/92 
7/22/92 
9/08/92 
8/28/92 

1D/D6/92 
7/22/92 
7/10/92 
9/08/92 
9/15/92 
9/03/92 
8/28/92 

10/06/92 
7/22/92 
7/10/92 
9/01/92 
9/02/92 
9/15/92 
9/03/92 
8/28/92 

10/06/92 
7/22/92 
7/22/92 
7/1D/92 

9/01/92 
9J 15/92 
9/03/92 
8/28/92 
7/22/92 
7/10/92 
9/08/92 
9/01/92 
9/02/92 

9/08/92 

Sanple Analysis 
Date T/D Suite 

I-- 1----11.----- 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

Chemical 
------------.--__-.____I__ 

CALCIUM 
CALCIUM 
CALCIUM 
CESIUM 
CESIUM 
COBALT 
COBALT 
COPPER 
COPPER 
COPPER 
COPPER 
1 RON 
I RON 
I RON 
IRON 
I ROW 
1 RON 
I RON 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LITHIUM 
MAGNESIUM 
MAGNESIUM 
MAGNESIUM 
MAGNESIUM 
MAGNESIUM 
MAGNESIUM 
MAGNESIUM 
MANGANESE 
MANGANESE 
MANGANESE 
MANGANESE 

R e s u l t  Unitr Error Qualiflerr 
----I----- ----- --------- -1-----1-- 

106O.ODO UG/L 
376.000 UG/L 
422.000 UG/L 
60.000 UG/L 
90.000 UG/L 
2.200 UG/L 
2.600 UG/L 
3.500 UG/L 
7.200 UG/L 
2.300 UG/L 
5.300 UG/L 

20.900 UO/L 
37.800 UG/L 
18.300 UG/L 

432.000 UGJL 
1210.000 UG/L 

13.800 UG/L 
27.800 UG/L 
3.900 UG/L 
1.300 UG/L 
2.100 UG/L 
2.300 UG/L 
3.200 UG/L 
3.900 UG/L 
2.200 UG/L 
5.400 UG/L 
5.700 UG/L 

33.000 UG/L 
76.400 UG/L 
31.300 UG/L 
19.500 UG/L 
41.800 UG/L 

304.000 UG/L 
143.000 UG/L ' 

1.800 UG/L 
18.000 UG/L 
1.900 UG/L 
1.800 UG/L 

V 
V 
V 
V 
V 
V 
V 
JA 

JA 
JA 
JA 
V 
JA 
JA 
V 
V 
JA 
V 
V 
JA 
JA 
V 
JA 
V 
V 
V 
V 
JA 
JA 
JA 
V 
JA 
V 
V 
V 
V 
V 
V 

202 
202 
200 

200 
202 
201 

202 
202 
201 

200 
201 

201 

202 
202 
201 
200 
200 
200 
201 

202 
202 
202 
20 1 
201 
200 
200 

' 201 

202 
201 
201 
200 
200 
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Location Medim -------- 
SED09292 
SED1 1392 
SED14292 
SED15292 
SED15392 
SED15292 
SED15392 
SED 14292 
SED15392 
SED15392 
SED1 4292 
SED15392 
SED00392 
SED08392 
SED08692 
SED09192 
SED09292 
SED11392 
SED 14292 
SED15292 
SED15392 
SED08392 
SED08692 
SED09292 
SED 14292 
SED 15292 
SED15392 
SED14292 
SED00392 
SED08392 
SED08692 
SED09192 
SED09292 
SED11392 
SED14292 
SED 15292 
SED15392 

SD 

SD 

SD 
SD 

SD 
SD 
SD 
SD 

SD 
SD 
SD 
!iD 
SD 

SD 

SD 
SD 
SD 
SD 
SD 
SD 
SD 

SD 
SD 
SD 

SD 
SD 
St) 

SD 
s0 
SD 
SD 

SD 
SD 
SD 
SD 

SD 
SD 

Sanple 
PC Code 

RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 

RNS 
RNS 

- - - - - - -  

I 

Sempl e 
N h r  

- - - - - l - l - - .  
SD06654CH 
SD06122CH 
SD06151CH 
SD062 1 1 CH 
SD06014CH 
SD06211CH 
SD06014CH 
SO06151CH 
SD060 14CH 
SDD60 14CH 
S006151CH 
SD 060 14 CH 
SD06012CH 
SD0648OCH 
SD06567CH 
SD 06625 CH 
SD 06654 CH 
SD06122CH 
SD06151CH 
SD06211CH 
SD060 14CH 
SD06480CH 
SD 065 67CH 
SDD6654CH 
SD06151 CH 
SD06211CH 
SD06014CH 
SD0615 1 CH 
SD060 12CH 
SO0648DCH 
SD06567CH 
SD06625CH 
SD06654CH 
SD06122CH 
SD06151CH 
SD06211CH 
SO06014CH 

Table G-10 
Chemicals Detected I n  QC Ssmplee 

9/15/92 
9/03/92 
8/28/92 

10/06/92 
7/22/92 

10/06/92 
7/22/92 
8/28/92 
7/22/92 
7/22/92 
8/28/92 
7/22/92 
7/ 1 D/92 
9/08/92 
9/01/92 
9/02/92 
9/15/92 
9/03/92 
8/28/92 

10/06/92 
7/22/92 
9/08/92 
9/01/92 
9/15/92 
8/28/92 

10/06/92 
7/22/92 
8/28/92 
7/ 10/92 
9/08/92 
9/01/92 
9/02/92 
9/15/92 
9/03/92 
8/28/92 

10/06/92 
7/22/92 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

MANGANESE 
MANGANESE 
MANGANESE 
MANGANESE 
MANGANESE 
MERCURY 
MOLYBDENUM 
POTASSIW 
POTASSIUM 
SELENIUM 
SILICON 
SILVER 
SODIUM 
SODIUM 
SODIUM 

SODIUM 
SODIUM 
SODIUM 
SODIUM 
SODIUM 
STRONTlUM 
STRONTIUM 
STRDNT IW 
STRONTIUM 
STRONTIUM 
STRONTIUM 
T I N  
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
Z I N C  

smIun 

5.500 UG/L 
6.100 uo/L 

18.100 UWL 
2.200 uG/L 
3.200 UG/L 

.I20 UG/L 
5.400 UG/L 

261.000 UG/L 
246.000 UG/L 

3.000 UG/L 
329.000 UG/L 

2.300 UG/L 
171.000 UGIL 
383.000 UG/L 
83.500 UG/L 
83.500 UG/L 
78.400 UGlL 

277.000 UG/L 
698.000 UG/L 
109.000 UG/L 
344.000 UG/L 

2.800 UG/L 
1.100 UG/L 
2.000 UG/L 
5.600 UG/L 
1.400 UG/L 
2.800 UG/L 

242.000 UG/L 
10.200 UG/L 
26.800 UG/L 
16.700 UG/L 
12.600 UG/L 
10.500 UG/L 

322.000 UG/L 
12.400 UG/L 
46.600 UG/L 
26.800 UG/L 

V 
V 
V 
V 
JA 
JA 
JA 
V 
V 
JA 
JA 
JA 
JA 
JA 
V 
V 
JA 
V 
V 
V 
JA 
V 
V 
V 
V 
JA 
V 
JA 
V 
V 
V 
V 
JA 
V 
JA 
JA 
V 

200 
201 

202 
202 
202 
202 

202 
202 

202 
20 1 
201 
200 
200 
200 
201 

202 
202 
201 
200 
200 

202 
202 

20 1 
201 
200 
200 
200 
201 

202 
202 



102/95 

Locat ion 
--.----- 
SED15292 
SED15392 
SED 15292 
SED 15392 
SED00392 
SED15392 

PT13392 
PT13492 
PT 19592 
PT13492 
PT19592 
PT13392 
PT13492 
PT13592 
PT19592 
PT19592 
PT13392 
PT19592 
PT19592 

SUO2592 

SUO2692 
SUO3092 
SUO2092 
SUO3092 
SUO2692 
SUO2092 
SUO2692 
SUO3092 
SUO2092 
SUO2692 
SUO3092 
SUO2692 
SUO3092 
SUO2092 
SUO3092 

1 ,  

Sample 
Medim QCCode - - - - - -  
SD 
so 
SD 
SD 
SO 
SO 

ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 

su 

su 
su 
su 
SU 
su 
su 
su 
sv 
su 
SU 
su 
su 
SU 
su 
su 

---.--- 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RHS 

BB 

FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 

Sample 
N&r 

SD06211CH 
SD06014CH 
SD06211CH 
SD060t4CH 
SD06012CH 
SD06014CH 

----------. 

SS04616CH 
SS04618CH \. 

SS04642CH 
SS04619CH 
SS04643CH 
SS04617CH 
SS04619CH 
SS04621CH 
SS04642CH 
SS04643CH 
SS04616CH 
SS04642CH 
SS04643CH 

SU07234CH 

SUO72 1 1 CH 
SUO701 8CH 
SUO71 15CH 
SUO701 8CH 
SUO72 1 1 CH 
SUO71 15CH 
SUO721 1CH 
SUO70 18CH 
SUO71 15CH 
SU07211CH 
SU07018CH 
SU07211CH 
SU07018CH 
SUO71 15CH 
SU07018CH 

I .  .' 

Sample 
Date 

10/06/92 
7/22/92 
10/06/92 
7/22/92 
7/10/92 
7/22/92 

2/05/93 
2/24/93 
5/26/93 
2/24/93 
5/26/93 
2/05/93 
2/24/93 
2/09/93 
5/26/93 
5/26/93 
2/05/93 
5/26/93 
5/26/93 

10/02/92 

10/08/92 
7/21/92 
9/14/92 
7/21/92 
10/08/92 
9/14/92 
10/08/92 
7/21/92 
9/14/92 
10/08/92 
7/21/92 
10/08/92 
7/21/92 
9/ 14/92 
7/21/92 

---I - --.. 

Table G-1 a 
Chemicals Detected in Pc sanplcs 

T RADIONUCLIDES GROSS ALPHA 
T RAD IONUCLIOES PLUTOWIUM-239/240 
T RADIONUCLIDES URANIUM-233/234 
T RADIONUCLIDES URANIUM-233/234 
T RADIONUCLIDES URAN IUM-238 
T RADIONUCLIDES URANIUM-238 

T 
T 
T 
T 
T 
T 
T 
1 
T 
T 
1 
T 
T 

RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 

AMERICIUM-241 
AMER I C  IUM-241 
AMER IC I W-241 
PLUTON IW-2391240 
PLUTON l W-2391240 
URANIUn-233/234 
URANIUM-233/234 
URANIUM-233/234 
URAN IUM-U3/234 
URANIUM-233/234 
UR AN I UM - 238 
URAN IUM-238 
URAN I W-238 

T RADIONUCLIDES TRITIUM 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
HETALS 
METALS 
METALS 
METALS 

ALUMINUM 1 

ALUMIHUM 
BARIUM 
BARIUM 
CADH I UM 
CALCIUM 
CALCIUM 
CALC I UM 
I RON 

I RON 
I RON 
LEAD 
LEAD 
MAGNESIUM 
MAGNESIUM 

.049 PCI/L 

.005 PCI/L 

.D98 PCl/L 

.200 PCI/L 

.120. PCI/L 

.260 PCI/L 

.005 PCI/O 

.150 PCI/L 

.002 PCI/L 

.002 PCI/L 
-002 PCI/L 
.230 PCI/L 
.250 PCI/L 
,410 PCI/L 
320 PCI/L 
.600 PCl/L 
.340 PCI/L 
.880 PCI/L 
.300 PCI/L 

49.320 PCI/L 

46.400 UG/L 
22.300 UG/L 
2.100 UG/L 
4.900 UG/L 
1.500 UG/L 
93.500 UG/L 
105.000 UG/L 
133.000 UG/L 
33.200 UG/L 
24.600 UG/L 
77.800 UG/L 
10.400 UG/L 
3.900 UG/L 
18.600 UG/L 
32.200 UG/L 

~ 

Error 
I------.- 

.118 

.OM 

.133 

.250 

.la 

.290 

.003 

.019 
. .002 

.002 

.002 

.240 

.199 

.275 

.310 

.330 

.26a 
A10 
,230 

237.000 

J A 
J A 
J A 
J A 
J A 
J A 

A 
BJ V 

A 
J V. 

A 
A 
A 

BJ A 
B A 

B A 
BJ A 

JA 

J V 

V 
V 
V 
V 
JA 
V 
V 
V 
V 
JA 
V 
V 
JA 
V 
JA 

CDH 
CDH 
CDH 
HHH 
nlm 
MHn 
MHM 
MHn 
CDH 

HHM 
CD H 
CDH 

1 HSS 

202 
202 
202 
202 
201 
202 

.--. 

199 
199 
199 
199 
199 ' 

199 
199 
199 
199 
199 
199 
199 
199 

200 

202 
202 
202 
202 
202 
202 
202 
202 
202 
202 
202 
202 
202 
202 
202 
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~ Sarrple 
I Location Mediun ac Code 
--I----- 

suo2092 
SUO3092 
suo2092 
suo3092 
SUO2092 
SUO2692 
SUO3092 
SUO3092 
SUO3092 
SUO2692 
SUO2092 
SUO2692 

SUO2692 
SUO2692 
SUO3092 
SUO2692 

SUO2692 
SUO2692 
SUO2692 

SD01792 
SO06992 
SED02092 
SUO0292 
SUO2092 
SO05892 
SUO2092 
SO01792 
soosa92 
SUO2092 
SUO3092 
suo0792 
SD00292 
SD00092 
SD01792 
SO03692 

sw 
SU 
SU 
SU 
su 
su 
su 
su 
su 
SU 
SU 
su 

su 
8U 
SU 
su 

ziu 
SU 
su 

SU 
SU 
su 
su 
sw 
su 
sw 
SI4 

S U  
SI4 

SH 
sw 
SW 

sw 
SV 

su 

FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 

FB 
FB 
FB 
FB 

FB 
FB 
FB 

RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 

RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 

RNS 

Sanple 
Nunber 

SUO71 15CH 
SU07018CH 
SUO71 15CH 
SUO70 18CH 
SUO71 15CH 
SUO72 1 1 CH 
SUO70 18CH 
SU07018CH 
SUO701 8CH 
SUO72 1 1 CH 
SUO71 15CH 
SUO72 1 1 CH 

-I--------- 

SUO721 1 CH 
SUORl lCH 
SU07018CH 
SU07211CH 

SU07211CH 
SU07211CH 
SUO721 1CH 

suao~~oucu~ 
su80203ucu3 
SU80242UCU3 
SU07006CH 
SUO71 13CH 
su80200uCU3 
SUO71 13CH 
su00240ucu3 
su00200ucu3 
SUO71 13CH 
SUO7021 CH 
SU07004CH 
su80207ucu3 
su80205ucu3 
SU80240UCU3 
su00213ucu3 

9/14/92 
7/21/92 
9/14/92 
7/21{92 
9/14/92 

10/08/92 
7/21/92 
7/21/92 
7/21/92 

10/08/92 
9/ 1 4 /  92 

10/00/92 

10/08/92 
10/00/92 
7/21/92 

10/08/92 

10/08/92 
10/08/92 
10/08/92 

10123192 
5/13/92 

10/30/92 
7/10/92 
9/ 14/92 
5/12/92 
9/ 14/92 

10/23/92 
5/12/92 
9/14/92 
7/2 1 /92 
7/09/92 
5/20/92 
5/19/92 

10/23/92 
6/04/92 

HETALS 
HETALS 
METALS 
METALS 
METALS 
METALS 
HETALS 
METALS 
METALS 
METALS 
METALS 
METALS 

MANGANESE 
MANGANESE 
SELENIUM 
SILICON 
S o O l U  

S O O I U  
SOOIUn 
STRONTIW 
THALLIun 
T I N  
ZINC 
ZINC 

1 RADIONUCLIDES AMER ICIUn-241 
I RADIONUCLIDES GROSS BETA 
T RADIONUCLIDES PLUTON IUM-239/240 
T RADIONUCLIDES TRITIUM 

UATER-QUALITY AMOWIA 
NATER-PUALITY ORTHOPHOSPHATE 
WATER-WALI TY TOTAL D I  SSOLMD SOLIDS 

METALS 
METALS 
METALS 
HETALS 
METALS 
METALS 
HETALS 
HETALS 
METALS 
METALS 
METALS 
nETALS 
METALS 
METALS 
METALS 
METALS 

ALUMINUM 
ALUMINU 
ALW I NUM 
ALUMINUM 
ALUM1 NW 
ANTIMONY 
ANTIMONY 
BARIUM 
BARIUM 
BARIUM 
BARIUM 
cmniun 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 

1.800 UG/L 
20.000 UG/L 
3.000 UG/L 

167.000 UG/L 
132.000 UG/L 

867.000 UG/L 
2.600 UG/L 
1.200 UG/L 
7.400 UG/L 

13.900 UG/L 

96.200 UG/L. 

,6.800 UG/L 

,006 PCI/L 
.197 PCI/L 
.001 PCI/L 

24.190 PCI/L 

.093 MG/L 

.065 HG/L 
23.000 MG/L 

20.300 UG/L 
84.900 UG/L 

134.000 UG/L 
21.400 UG/L 
23.300 UG/L 
20.800 UG/L 
16.600 UG/L 
2.500 UG/L 
6.200 UG/L 
2.600 UG/L 
2.400 UG/L 

43.600 UG/L 
56.400 UG/L 

115.000 UG/L 
82.400 UG/L 
44.300 UG/L 

.006 J A 

.660 J A 

.002 J A 
24 1 . 000 J V 

V 
V 
V 

JA 
JA 
JA 
JA 

JA 
JA 
JA 
JA 
JA 
V 
V 

V 
JA 
JA 
JA 
JA 

I HSS 

202 
202 
202 
202 
202 
202 
202 
202 
202 
202 
202 
202 

--I- 

202 
202 
202 
202 

202 
202 
202 

201 
200 
202 

202 

202 
202 
20 1 



l02f 95 Table G-10 0' 
Serrple 

Location Mediun PC Code 
- - - - - - - -  
SD03992 
SO04 4 92 
SO04992 
SO05892 
SDO6W2 
SED02092 
SUO0192 
SUO0292 
SUO0692 
suo0792 
SUO2092 
SUO2692 
SUO3092 
SD00892 
SO01392 
SD05892 
SO06992 
SED02092 
SD05892 
SED02092 
suo0792 
SO00292 
SO00892 
SO01792 
SD04992 
SO06992 
SED02092 
suo0792 
SUO2092 
SUO2692 
SD01792 
SO03692 
SED02092 
SUO0292 
SUO0792 
SUO2092 
SUO2692 
SUO3092 

' I  

- - - - - -  
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 

- - - - - - -  
RNS 
RNS 

RNS 

RWS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RHS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

. RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RWS 
RNS 
RNS 

Sanpla 
Nunber 

SU80215UCU3 
SU802 1 7UCU3 
SU80209UCU3 
SU8020OUCU3 
SU80203Ucu3 
SU80242UCU3 
SU802 19UCU3 
SW07006CH 
SU80221Ucu3 

SUO71 13CH 
SUO7213CH 
SU07021CH 
SU80205Ucu3 
SU80227ucu3 
su8020051cu3 
su80203ucu3 
SU80242Ucu3 
SU8020oWCU3 
SU80242vct13 
SU07004CH 
SU80207UCU3 
SU8O2OSUCu3 
SU8024OUCU3 
SU802ooVCU3 
SU80203Ucu3 
SU80242UCU3 
SUO7004CH 
SUO71 13CH 
SWO7213CH 
su8024oucu3 
SU802 13ucu3 
SU80242UCU3 
SU07006CH 

SUO71 13CH 
SUO721 3CH 
SU07021CH 

-----11--11 

S U ~ ~ O O ~ C W  

S U O ~ ~ ~ ~ C W  

Sanple 
Date 

6/05/92 
6/05/92 
6/02192 
5/ 12/92 
5/13/92 

10/30/92 
6/05/92 
7/ 10/92 
6/09/92 
7/09/92 
9/14/92 

10/08/92 
7/21/92 
5/19/92 
7/08/92 
5/12/92 
5/13/92 

10/30/92 
5/12/92 

10/30/92 
7/09/92 
5/20/92 
5/19/92 

10/23/92 
6/02/92 
5/13/92 

10/30/92 
7/09/92 
9/ 14/92 

10/08/92 
10/23/92 
6/04/92 

10/30/92 
7/ 10/92 
7/09/92 
9/14/92 

10/06/92 
7/21/92 

- - - - - - - -  

Chemicals Detected in ac Samples 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

CALCIUM 

CALCIUM 
CALCIUM 
CALCIUM 
CALClUn 
CALCIUn 
CALCIUn 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CALCIUM 
CHROMIW 
CHROMlUM 
CHROMIW 
CHROMIUM 
CHROnIM 
COPPER 
COPPER 
COPPER 
I ROW 
I RON 
I RON 
I ROW 
I RON 
I RON 
I ROW 
I ROW 
I RON 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LEY 
LEAD 

61.300 UG/L 
110.000 UG/L 
79.300 UG/L 

133.000 UG/L 
93.300 UG/L 

140.000 uO/L 
124.000 UG/L 
60.100 UG/L 
44.800 UG/L 
67.000 UG/L 

118.000 UG/L 
169.000 UG/L 
68.300 UG/L 
2.500 UG/L 
6.600 UG/L 
2.300 UG/L 
2.700 UG/L 
4.100 UG/L 
3.000 UG/L 
4.600 UG/L 
4.100 UG/L 

45.200 UG/L 
26.900 UG/L 
32.900 UG/L 
37.000 UG/L 
30.900 UG/L 

120.000 UG/L 
29.300 UG/L 
12.100 UG/L 
14.900 UG/L 
5.800 UG/L 

67.500 UG/L 
1.800 UG/L 
1.600 UG/L 
4.000 UG/L 
4.100 UG/L. 

24.300 UG/L 
3.300 UG/L 

JA 
JA 
JA 
JA 
JA 
JA 

V 
JA 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
JA 
JA 
JA 
V 
JA 
JA 
JA 

V 
JA 
JA 
V 
JA 
JA 
V 
V 

JA . 

v .  
V 
V 
V 
JA 

201 
200 
200 
200 
201 
202 
202 
202 

201 

20 1 
201 

201 
20 1 
202 
202 

201 
200 
20 1 
202 
202 
202 



102 
002 

002 
102 

202 

202 
- 202 

LO2 
002 
002 
LO2 

vr 
vr 
vr 
vr 
vr 

vr 
vr 
vr 
vr 
vr 
vr 

vr 
vr 
vr 
vr 
vr 

vr 

A 

A 

A 

A 
A 
A 

A 

A 

vr 

vr 

vr 
vr 
vr 
vr 
vr 

vr 
vr 

202 A 
LO2 vr 

vr 

A 

.--- ----.- ---------- 
SSHI pown uoiaepiiw 

SlV13H 
SlV13H 
sivi3n 
sivi3n 
sivmi 
SlV13n 
SlV13H 
siv13n 
s i v m  

sivi3n 
SlV13H 

SlV13H 
SlV13n 
SlV13H 
sivi3n 
siv13n 

siv13n 
s1v13n 

SlV13n 
SlV13H 
SlV13H 
s1v13n 
SlV13n 

SlV13H 
SlV13n 
SlV13H 

s i v m  

- sivi311 
sivi3n 
sivi311 
sivi3n 

s i v m  

siv13n 

SlV13H 

SlV13n 

SlV13H 
SlV13H 
siv13n - - - - - - - - - - - - -  

wins 
8 lsApuv 

S N I  

S N I  

S N I  
S N I  
SNM 
SNM 

S N I  
S N I  
S N I  

SNM 
S N I  
S N I  
SNM 
S N I  
S N I  
S N I  
S N I  
S N I  
S N I  
S N I  
S N I  
SNll 
S N I  
S N I  

SHI 
S N I  
S N I  
S N I  
S N I  
SNM 
S N I  
S N I  
SHI 
S N I  
S N I  
S N I  
S N I  
S N I  - - - - - - -  

apo3 30 

elduRS 

/IS 
flS 

?IS 
MS 
MS 
BS 
BS 
RS 
MS 
BS 

BS 
RS 
ns 
flS 
ns 
IIS 
hS 

?IS 
RS 
fl'S 
MS 
ns 
ns 
nS 

ns 

MS 
ns 
ns 
BS 
MS 

ris 

ns 

ns 

ns 
ns 
ns 
ns 
ns 

---...- 

2669009 
2699OQS 
266SOOS 
269EOOS 

26f LOaS 
268000s 

26LOOnS 
26900BS 
268SOQS 
267700S 
26f 100s 
268ooas 
26900HS 

2602003S 
269900s 
Z6fIOOU.S 
26020nS 
268SOU.S 
260EOnS 
26020nS 
26LOOnS 
26900BS 
262OOHS 

2602003S 
26YOU.S 
266900s 
268soas 
263900s 
269f 00s 
26LlOOS 
26f 10U.S 
268000s 
262000S 
2602OnS 

26LLO0S 

Z ~ L  i oas 

26200as 

z6ozoa3s 

- - - - - - - -  



'02/95 

Loca t i on 

SD05892 
SD06W2 
SO07592 
SED02092 
SUO0192 
SUO0692 
SO00292 
SD00892 
SO01392 
so01792 
SD03692 
SD03W2 
SD04492 
soOGw2 
SD05892 
SDO6W2 
SED02092 
SUO0192 
SUO0292 
SUO0692 
SUO0792 
suo2092 
SUO2692 
SUO3092 
SO01392 
SUO2092 
suo3092 
SO03692 
s004w2 
SUO2092 
SO00892 
SDO1792 
SD03692 
SO04492 
5004992 
SDO6W2 
SED02092 
SUO0292 

- - - - - - - -  Medim 

su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 

- - - - - -  
Sample 
QC Code - - - - - - -  

RNS 

RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 

RNS 
RNS 
RNS 

RNS 

RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 

S a n p l e  
Nunber 

su80200uCU3 
su80203ucu3 
SU80228UCU3 
SU80242UCU3 
SUB02 1 WCU3 
SU80221Ucu3 
su80207Ucu3 
SU80205VCU3 
SU80227UCU3 
su80240ucu3 
SU80213Ucu3 
SU80215UCU3 
SU80217ucu3 
SU80209UC113 
SU80200UCU3 
SU80203UCU3 
su80242ucu3 
SU802 lWCtl3 
SU07006CH 
SU80221UCU3 
SU07004CH 
SUO71 13CH 
SUO7213CH 
SUO7021 CH 
SUB0227UCU3 
SUO71 13CH 
SUO7021 CH 

SW802 13uw3 
SU80209UCU3 
SUO71 13CH 
su80205ucu3 
su80240ucu3 
SU802 13ucu3 
SU80217UCU3 
SU8020WCU3 
su80203ucu3 
SU80242UCU3 
SU07006CH 

- - - - - - - - - - -  
Sample 
Date -------- 

5/12/92 
5/13/92 
7/ 13/92 

10/30/92 
6/05/92 
6/09/92 
5/20/92 
5/ 19/92 
7/08/92 

10/23/92 
6/04/92 
6/05/92 
6/05/92 
6/02/92 
5/12/92 
5/13/92 

10/30/92 
6/05/92 
7/10/92 
6/09/92 
7/09/92 
9/ 14/92 

10/08/92 
7/21/92 
7/08/92 
9/14/92 
7/21/92 
6/04/92 
6/02/92 
9/ 14/92 
5/ 19/92 

10/23/92 
6/04/92 
6/05/92 
6/02/92 
5/ 13/92 

10/30/92 
7/10/92 

T a b l e  G-1  4 
Chemicals Detected In QC SsPples 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
UETALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

S I 1  I CON 

SlLlMW 
S I 1  I COW 
SI1 I COW 

SILlCON 
SILICON 
smtun 
smiun 
smiw 
smiw 
smtw 
smiun 
smiun 
smtun 
smtun 
smtun 
smiw 
smiun 
smiun 
smiw 
smiun 
smiun 
smiun 
smiun 
STRONTIUM 
STRONTIW 
STRONT lW 
T I N  
T I N  
T I N  
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC 
ZINC ' 

128.000 UG/L 
114.000 UG/L 
137.000 UG/L 
582.000 UG/L 
83.000 UG/L 
55.000 UG/L 

208.000 
105.000 
975.000 
155.000 
308.000 
178.000 
112.000 
214.000 
138.000 
244.000 
841 .ooo 

UWL 
UG/L 
UG/L 
UQ/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

264.000 UG/L 
130.000 UG/L 
71.500 UG/L 

238.000 UG/L 
85.000 UG/L 

113.000 UG/L 
98.400 UG/L 
2.700 UG/L 
2.100 UG/L 
1.000 UG/L 

16.900 UG/L 
11.000 UG/L 
11.500 UG/L 
1.900 UG/L 

14.200 UG/L . 
9.400 UG/L 
1.700 UG/L 
5.100 UG/L 

6.200 UG/L 
11.800 UG/L 

na.ooo UG/L 

JA 
JA 
JA 

JA 
JA 
JA 
JA 

B V 
JA 
V 
JA 
JA 
JA 
JA 
JA 

B 

JA 
JA 
JA 
V 
JA 
V 
V 
V 
V 
V 
JA 
JA 
JA 
JA 

JA 
JA 
JA 
JA 
JA . 

JA 
V 

201 
200 
200 

20 
200 
200 
200 
201 
202 
202 
202 

202 
202 

202 

201 
200 
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Location 

SUO0692 
SUO0792 
SUO2092 
SUO2692 
SUO3092 

WOO292 
SUO2092 
SUO2692 
SUO0292 
WOO792 
SUO2092 
SUO2692 
SUO0792 
SUO0292 
SUO0792 
SUO2092 
SUO2692 
SO01392 
SUO2092 
SUO0792 
SUO2092 
SO07592 
SUO0292 
SUO0792 
SUO2092 
SO01392 
SUO0292 
SUO0792 
SUO2092 
SUO2692 
SUO2092 
SUO2692 
SUO0292 
SUO0792 
SUO2092 
SO01392 
SO07592 

I 

Medlun - .. - - - - 
su 
su 
su 
su 
su 

su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
SU 
su 
su 
su 
su 
su 
su 
SU 
su 
su 
su 
su 
su 
sw 
Shl 

SU 
SW 
SIJ 
SII 
SI I  

SI1 

Sample 
ac Code ------. 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 

Sanple 
N d e r  

sua022 1ucu3 
SU07004CH 
SUO71 13CH 
SUO721 3CH 
SUO702 1 CH 

SUO7006CH 
SU07113CH 
SUO721 3CH 
SU07006CH 
SW07004CH 
SUO7113CH 
SU07213CH 
SU07004CH 
SU07006CH 
SU07004CH 
SUO71 13CH 
SUO7213CH 
SU80227UCU3 
SUO71 13CH 
SU07004CH 
SUO71 13CH 
SU80228UCU3 
SU07006CH 
SUO7004CH 
SUO71 13CH 
SU80227UCU3 
SU07006CH 
SUO7004CH 
SU07113CH 
SUO7213CH 
SUO71 13CH 
SUO7213CH 
SU07006CH 
SU07004CH 
SUO71 13CH 

------1--11 

Sample 
Date 

6/09/92 
1/09/92 
9/ 14/92 

10/00/92 
7/21/92 

-.------ 

Table 0-10 
Chemtcals Detected In ac Senplea 

7/10/92 
9/14/92 

10/08/92 
7/10/92 
1/09/92 
9/14/92 

10/08/92 
7/09/92 
7/ 10/92 
1/09/92 
9/14/92 

10/08/92 
7/08/92 
9/14/92 
1/09/92 
9/14/92 
7/13/92 
7/ 10/92 
7/09/92 
9/14/92 
1/08/92 
1/10/92 
7/09/92 
9/14/92 

10/08/92 
9/14/92 

10/08/92 
7/ 10/92 
7/09/92 
9/14/92 

A n a l  ys i s 
T/D Suite 
- - a  ------------. 

METALS 
METALS 
METALS 
METALS 
METALS 

D 
D 
0 
D 
D 
D 
D 
D 
0 
D 
D 
D 
D 
D 
0 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

SU80227UCU3 7/08/92 D METALS 
SU80228UCU3 7/13/92 D METALS 

Z I N C  

ZINC 
Z I N C  
ZINC 
ZINC 

ALUM I HUM 
ALUMINW 
ALUM I HUM 
BARIW 
BARIUM 
BARIUM 
BARIUM 
uDntUM 
CALCIUn 
CALCIUn 
CALCIUn 
CALCIUM 
CHROMIW 
COBALT 
COPPER 
COPPER 
I RON 
I RON 
I RON 
IRON . 
LEAD 
LEAD 
LEAD 
LEAD 
LEAD 
LITHIUM 
LITHIUM 
MAGNESIUM 
MAGNESIUM 
MAGNESIUM 
MANGANESE 
MANGANESE 

2.700 UG/L 
18.300 UG/L 
9.800 UG/L 
9.400 UG/L 

12.400 UG/L' 

33.100 UG/L 
1030.000 UG/L 

45.000 UG/L 
1.600 UG/L 
1.100 UGIL 

13.100 UG/L 
1.000 UG/L 

77.000 UQ/L 
97.800 UG/L 

117.000 UG/L 
3750.000 UG/L 
368.000 UG/L 

5.100 UG/L 
1.300 UG/L 
5.800 UG/L 
5.300 UG/L 

33.100 UG/L 
38.000 UG/L 
20.700 UG/L 

126.000 UG/L 
4.400 UG/L 
5.200 UG/L 

11.800 UG/L 
2.600 UG/L 

14.500 UG/L 
3.300 UG/L 
3.200 UG/L 

30.700 UG/L 
22.800 UG/L 

348.000 UG/L 
3.000 UG/L 
3.500 UG/L 

B 

B 

B 
B 

JA 
V 
JA 
V 
JA 

JA 
V 
JA 
V 
V 
V 
JA 
V 
V 
V 
V 

JA 
V 
V 
JA 
V 
V 
V 
V 
JA 
V 
V 
V 

JA 
JA 
JA 
JA 
V 
V 
V 

200 
201 
202 
202 
202 

200 
202 
202 
200 
201 
202 
202 

.201 
200 
201 
202 
202 

202 
20 1 
202 

200 
20 1 
202 

200 
20 1 
202 
202 
202 
202 
200 
201 
202 

I V 
I L 



02/95 

Location 

SUO0292 
suo0792 
SUO2092 
SUO2692 
SUO2692 
SUO2092 
SD01392 
SO01392 
SD07592 
SDO 1392 
SUO0292 
suo0792 
suo2092 
SUO2692 
SD01392 
SUO2092 
SUO2692 
suo2092 
SUO0292 
SUO0792 
SUO2092 
SUO2692 

------ - -  

SDO6W2 
SDO4W2 
SO05892 
SD06W2 

SUO0292 
SUO2692 
SUO0292 
SUO0792 
SUO0292 
SUO0792 
SUO2692 

SO01392 
SO01 792 

Mediun ------ 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 

sv 
su 
su 
su 

su 
su 
su 
su 
su 
su 
su 

su 
su 

Senple 
PC Code 

RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RHS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

- - - - - - -  

RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 

Sample 
N d e r  

SU07006CH 
SU07004CH 
SU07113CH 
SU07213CH 
SU07213CH 
SUO71 13CH 
SU80227UCU3 
SU80227Ucu3 
SU80228Ucu3 
SU80227UCU3 
SU07006CH 
SU07004CH 
SUO71 13CH 
SU07213CH 
SU80227UCU3 
SUO71 13CH 
SU07213CH 
SUO71 13CH 
SU07006CH 
SU070MCH 
SUO71 13CH 
SUO72 13CH 

------- - - - -  
Samp-3 

Data 

7/10/92 
7/09/92 
9/14/92 

10/08/92 
9/14/92 
7/08/92 
7/08/92 
7/ 13/92 
7/08/92 
7/10/92 
7/09/92 
9/ 14/92 

7/08/92 
9/14/92 

10/08/92 
9/14/92 
7/10/92 
7/09/92 
9/14/92 

10/08/92 

-------I 

io/oa/92 

io/oa/92 

T/D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
0 
D 
D 
D 
D 
D 
D 
0 
D 

--- 

Table G-1 d) 
Chemicele Detected In PC S q l e 8  

Anal ys i s 
Sulte ------------- 

METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS ' 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 
METALS 

Chemical 
_11__1_1____-_______..---- 

MANGANESE 

MANGANESE 
MAUGANESE 
MANGANESE 
MOLY BDENUM 
NICKEL 
SELENIUM 
SILICON 
SILICON 
Soolun 
SODIUM 
SODIUM 
SOD lun 
SODIM 
STRONT IU 
STRONTIUM 
STRONTIUM 
VANAD IU 
ZINC 
ZINC 
ZINC 
ZlHC 

SU80203UCU3 5/13/92 PESTICIDES 4,4#-DDE 
SU80209UCU3 6/02/92 PEST I C  IDES 4,4 -DDT 
SU80200UCU3 5/12/92 PESTICIDES 4,4'-DDT 
SU80203UW3 5/13/92' PESTICIDES 4,4'-ODT 

SU07006CH 7/10/92 D RAD 1 ONUCL IDES MER ICIM- 241 
SU07213CH 10/08/92 D RAD IONUCL IDES M E R  I CIUM-241 
SU07006CH 7/10/92 D RADIONUCLIDES URANIUM-233/234 
SU07004CH 7/09/92 D RADIONUCLIDES URANIUM-233/234 
SU07006CH 7/10/92 D RADIONUCLIDES URANIUM-238 
SU07004CH 7/09/92 D RADIONUCLIDES URANIUM-238 
SU07213CH 10/08/92 D RADIONUCLIDES URANIUM-238 

SU80227wCU3 7/08/92 T RADIONUCLIDES AMERICIUM-241 
SU8024OUCU3 10/23/92 1 RADIONUCLIDES AMERICIUM-241 

Resul t hi t8 -..-.----- --.-- 
3.400 UG/L 
3.400 UG/L 

111.000 UG/L 
2.500 UG/L 
2.000 UG/L 
4.500 UG/L 
1.400 UG/L 

258.000 UG/L 
102.000 UG/L 

1010.000 UG/L 
156.000 UG/L 
299.000 uG/L 
198.000 UG/L 
200.000 UG/L 

1.000 UG/L 
14.800 UG/L 
1.200 UG/L 
2.600 UG/L 

18.400 UG/L 
24.200 UG/L 
29.200 UG/L 
12.400 UG/L 

.010 UG/L 

.010 UG/L 
A51 UG/L 
.051 UG/L 

.oos PCVL 

.004 PCI/L 
-130 PCI/L 
.450 PCI/L 
.320 PCI/L 
3 0 0  PCI/L 
.380 PCI/L 

.OM PCI/L 
,004 PCI/L 

Error 
.------I- 

.004 

.005 

.I50 

.370 

.150 
3 0 0  
.372 

.005 

.006 

Validation 

V 
V 
V 
JA 
JA 
V 
V 
JA 
JA 
V 
JA 
V 
V 
JA 
V 
V 
JA 
V 
V 
V 
JA 

--LI------ 

J A 
J A 

JA 
JA 

BJ A 
A 

J .  A 
BJ V 
BJ A 
BJ V 

JA 

BJ A 
J A 

Method IHSS 

200 
201 
202 
202 
202 
202 

------ ---. 

200 
201 
202 
202 

202 

202 
200 
201 
202 
202 

,202 

200 
202 
200 
201 
200 
20 1 
202 



02/95 Table 0-10 
Chemicals Detected In QC Sanpler 

Sanple 
Location M d i u n  QC Code 
- - - - - * - -  

SO03692 
SO06992 
SUO0292 
SUO2692 
SD04W2 
SUO0692 
SD01792 
SDO6W2 
SD00292 
SDO1792 
SO03692 
SD04492 
SDO6W2 
SUO0792 
SDO4W2 
SO00292 
SO00892 
SD01392 
SO03692 
SD03992 
SD04492 
SD04W2 
SO05892 
SOD6992 
SD07592 
SED02092 
SUO0292 
SUO3092 
SDDO292 
SDOO892 
SO03692 
SO04992 
SD05892 
SO06992 
SD07592 
SUO0292 
SD00292 
SD00892 

su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
SY 
su 
su 
su 
su 
su 
su 
su 
su 
SU 
SU 
SU 
SU 
su 
SU 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
sw 

RNS 
RNS 
RNS . 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 

RNS . 
RNS 
RNS 
RNS 

e 

SU802 13ucu3 
su80203ucu3 
SU07006CH 
SU07213CH 
SU80209UCU3 
SU8022 1 ucu3 
su80240ucu3 
SU80203UCu3 
su80207ucu3 
su80240ucu3 
SUB02 13ucu3 
SU802 1 W 3  
su80203ucu3 
SUO7004CH 
SU802O~cu3 
SU80207uCU3 
su80205ucu3 
SU80227uCU3 
sua02 13ucu3 
sua02 15wcu3 
SU802 1 7ucu3 
SU80209Ucu3 
su80200ucu3 
su80203ucu3 
SU80228UCu3 
su80242ucu3 
SU07006CH 
SUO7021 CH 
su80207ucu3 
su80205ucu3 
SU80213UCU3 
su80209ucu3 
su80200ucu3 
SU8D2D3UCU3 
su80228ucu3 
SU07006CH 
SU80207uCU3 
su80205ucu3 

6/04/92 
5/13/92 
7/ 10/92 

10/08/92 
6/02/92 
6/09/92 

10/23/92 
5/13/92 
5/20/92 

10/23/92 
6/04/92 
6/05/92 
5/13/92 
7/09/92 
6/02/92 
5/20/92 
5/19/92 
7/06/92 
6/04/92 
6/05/92 
6/05/92 
6/02/92 
5/ 12/92 
5/13/92 
7/13/92 

10/30/92 
7/ 10/92 
7/21/92 
5/20/92 
5/19/92 
6/04/92 
6/02/92 
5/12/92 
5/13/92 
7/ 13/92 
7/ 10/92 
5/20/92 
5/ 19/92 

T 
T 
T 
T 
1 
1 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
? 
T 
T 
T 

i 

RADIONUCLIDES 
RADIONUCLIDES 
RAD IONUCL 1 DES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RAD I ONUCL I DES 
RADIONUCLIDES 
RAD IOWUCL IDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIOES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 
RADIONUCLIDES 

AMER I C I W- 241 
AMER I CIW-241 
AMERICIUM-241 
AMER I C I UH-24 1 
CESIUM-137 
GROSS ALPHA 
GROSS BETA 
GROSS BETA 
PLUToNIW-239/240 
PLUTON IW-239/240 
PLUTON IW-239/240 
PLUTON IUM-239/240 
PLUTONIW-239/240 
PLUTON I W- 239/260 
STRONTIW-89/90 
URANIW-233/234 
URANIUn-233/234 
URAN I UM- 233/234 
URAN IW-233/234 
URANIUM-233/234 
URANIUM- U3/234 
URANIW-233/234 
URANIW-233/234 
URAN IW-233/234 
URANIUM-233/234 
URAN 11111-233/234 
URANlUM-233/234 
URANlW-233/234 
URAN IUH- 235 
URANIUM-235 
URANIUM-235 
URANIUM-235 
URANIW-235 
URAN IUM-235 
URANIUM-235 
URANIUM- 235 
URANIUM-238 
URANIUM-238 

:006 
.OW 
.008 
.005 

1.200 
A10 
.404 

2.900 
.002 
.003 
.002 
.001 
.098 
.001 

PCI/L 
PC I /L 
PCI/L 
PCI/L 
PC I /L 
PC I /L 
PCI/L 
PCI/L 
PC I /L 
PCI/L 
PCI/L 
PC I /L 
PC I /L 
PCI/C 

.290 PCI/L 
A20 PCI/L 

2.200 PCI/L 
.300 PCI/L 
3 0 0  PCI/L 
.580 PCI/L 
.170 PCI/L 
.so0 PCI/L 
.540 PCI/L 
.520 PCI/L 
.180 PCI/L 
.310 PCI/L 
.090 PCI/L 
.1co PCI/L 
.024 PCI/L 
3 4 0  PCI/L 
.D79 PCI/L 
.014 PCI/L 
.034 PCI/L 
.033 PCI/L 
.D97 PCI/L 
.045 PCI/L 
A10 PCI/L 
.480 PCI/L 

.004 

.006 

.008 

.005 
A40 
.270 
.674 

1.700 
.001 
.OM 
.004 
.OOl 
.032 
.002 
.200 
.loo 
.TI0 
.350 
.120 
.600 
.240 
.130 
.120 
.120 
.280 
.223 
.130 
.200 
.024 
.300 
.050 
A20 
.036 
.036 
.200 
.090 
.loo 
.350 

J 
J 
J 

J 
' J  

J 
J 
J 

J 
J 

J 
J 
BJ 
B 
BJ . 

BJ 
BJ 

BJ 
BJ 
BJ 
BJ 
BJ 

BJ 
J 
BJ 
J 
J 
BJ 
J 
J 
J 
J 
BJ 
BJ 

V 
A 
A 200 
A 202 
V 
V 200 
A 
A 
A 
A 
A 
V 
A 
A 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

201 

201 
200 
202 

200 

I 
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Location 

SO01392 
SO03692 
5003992 
SD04492 
SDO4992 
SD 05 892 
SO06992 
SO07592 
SUO0292 

SD05892 
SDO6992 
SD05892 
SD06992 
SD03692 

SO00292 
SD07592 
SD03992 
SD04492 
SUO3092 

-.------ 

SD04992 
SUO0192 
SUO0692 
SUO0792 
SUO2092 
SUO2692 
SUO3092 
SUOO 192 
SUO0692 
SUO0292 
SUO0792 
SUO3092 
SUO3092 
SUOO 192 
SUO0692 
SUO0792 

Medim 

su 
su 
su 
su 
su 
su 
su 
su 
su 

- - - - - *  

su 
su 
su 
su 
su 

su 
su 
su 
su 
su 

su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 
su 

Sarrp.2 

QC Code 

RNS 
RNS 

RNS 
RNS 
RNS 
RNS 

RNS 

RNS 
RNS 

- - - - - - -  

RNS 
RNS 
RNS 

RNS 
RNS 

RNS 

RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 

RNS 
RNS 

Sample 
Umber 

SU80227uCU3 
SU80213UCU3 
SU80215Ucu3 
SU802 17ucu3 
SU80209UCU3 
su80200ucu3 
su80203ucu3 
SU80228UCU3 
SU07006CH 

------- - - - -  
Sample 
Date 

7/08/92 
6/04/92 
6/05/92 
6/05/92 
6/02/92 
5/ 12/92 
5/13/92 
7/13/92 
7/ 10/92 

----I--- 

SU802OOUCU3 5/12/92 
SU80203UCU3 5/13/92 
SU802OOUCU3 5/12/92 
SU80203UCU3 5/;3/92 
SU80213UCU3 6/04/92 

SU80207UCU3 5/20/92 
SU80228UCU3 7/13/92 
SU80215UCU3 6/05/92 
SU80217uCU3 6/05/92 
SUO7021CH 7/21/92 

su80209ucu3 
SU80219WCU3 
SU8022 1 UCU3 
SU07004CH 
SUO71 13CH 
SU07213CH 
SU07021CH 
sw80219ucu3 
SU8022 1 ucu3 
SU07006CH 
SU07004CH 
SU07021CH 
SU07021CH 
SU802 19wcu3 
su80221ucu3 
SU07004CH 

6/02/92 
6/05/92 
6/09/92 
7/09/92 
9/14/92 

10/08/92 
7/21/92 
6/05/92 
6/09/92 
7/ 10/92 
7/09/92 
7/21/92 
7/21/92 
6/05/92 
6/09/92 
7/09/92 

Chemicals Detected In QC Sauples 

Anal ys i 8 

T/D Sui te --- ------------I 

T RADIONUCLIDES 
T RADIONUCLIDES 
1 RADIONUCLIDES 
1 RADIONUCLIDES 
T RADIONUCLIDES 
1 RADIONUCLIDES 
1 RADIONUCLIDES 
1 RADIONUCLIDES 
1 RADIONUCLIDES 

Chemfcsl - - - - - - - -_-________________ 
URANIUM-238 
URAN IUM- 238 
URAN l W-238 
UR AN I UM - 238 
URANIUM-238 
URAN IUM-238 
URAN IN-238 
URANIUM-238 
URANIUM-238 

SVOAS T I C  
SWAS T I C  
SVOAS UNKWWN HYDROCARBON 
SVOAS UNKNWN HYDROCARBON 
SVOAS ~~s(~-ETHYLHEXYL)PHTHALATE 

VOAS ACETONE 
VOAS ACETONE 
WAS CHLOROMETHANE 
VOAS CHLOROMETHANE 
VOAS TOLUENE 

UATER-WALITY 
UATER-WALlTY 
UATER- WAL I T Y  
UATER-QUALITY 
WATER-QUALITY 
UATER- WALl TY 

OUATER-WALlTY 
WATER-QUALITY 
UATER-WALITY 
UATER-QUALITY 
UATER-QUALITY 
UATER-QUALITY 
UATER-QUALITY 
UATER-QUALITY 
UATER-OUALITY 
UATER-QUALITY 

ACPIONIA 
AMMONIA 
AMMONIA 
AllllONlA 
M O W  I A 
M O N  I A 
AMMON I A 
CHLORIDE 
CHLORIDE 
OIL AND GREASE 
OIL AN0 GREASE 
OIL AND GREASE 
ORTHOPHOSPHATE 
TOTAL DISSOLVED SOLIDS 
TOTAL DISSOLVED SOLIDS 
TOTAL DISSOLVED SOLIDS-’ 

Result UnI tr 

.loo PCI/L 

.480 P W L  

.580 PCI/L 

.170 PCI/L 

.540 PCI/L 

.480 PCI/L 
380 PCI/L 
.290 PCI/L 
.230 PCI/L 

---------- .---- Error 
-----I--- 

.200 

.110 

.600 

.2co 

.130 

.120 

.loo 

.WO 

.200 

Qua l i f ie rs  

BJ 
BJ 

-------I-- 

. J  
BJ 
BJ 
BJ 
BJ 

BJ 
J 

7.000 UG/L J 
7.000 UG/L J 
7.000 W/L J 
7.000 UG/L J 
2.000 UG/L J 

49.000 UG/L 
18.000 UG/L 
2.000 UG/L 
3.000 UG/L 
1.000 UG/L 

.140 

.no 

.170 

.ON 

.094 

.093 

.094 
10.100 
9.100 
8.850 

10.600 
8.400 

.113 
10.000 
20.000 
23.000 

HG/L 
HG/L 
MG/L 
MG/L 
HWL 
HG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
HG/L 
MG/L 
MG/L 
MG/L 
MG/L 

200 

JA 
JA 

J A 
J A 
J A 

V 
V 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

202 

200 
200 
20 1 
202 
202 
202 
200 
200 
200 
20 1 
202 
202 
200 
200 
201 



, SUO3092 
SUO2692 
SDOO292 
SD00892 
SD03692 
5003992 
SD04492 
SO04992 
SD05892 
SD06W2 

SUO3092 

Sanpl e 
Wediun ac Code - - - - - -  - - - - - - -  
su RNS 
su RNS 
SU RHS 
SU RNS 
SU RNS 
su RNS 
su RNS 
su RHS 
su RNS 
su RNS 

su TB 

Table 0-10 
Chemicals Detected In QC Ssnpler 

Sanple semple Anal ys i s 
Nurber Date f / D  Sui t o  Chemical Result UnItr  E r r o r  Qua l i f i e r r  Veltdation Method IHSS 

SUO7OZlCH 
SU07213CH 
su80207ucu3 
SU80205Ucu3 
SU80213Ucu3 

SU802 17UCU3 
SU80209UCU3 
su802oouCU3 
SU80203Ucu3 

su8ozlsuCU3 

7/2 1 /92 
10/08/92 
5/20/92 
5/19/92 
6/04/92 
6/05/92 
6 / OS / 92 
6/02/92 
5/12/92 
5/13 / 92 

UATER-QUALITY 
UATER-QUALITY 
UATER-UJALITY 
UATER-WALI IY  

UATER-QUALITY 
UATER- QUALITY 
UATER- QUALITY 
UATER-QUALITY 
UATER-WALI TY 

OUATER-QUALITY 

TOTAL DISSOLVED S M I D S  
TOTAL SUSPENDED SOLIDS 

PH 
PH 
PH 
PH 
PH 
PH 
PH 
PH 

SUO7019CH 7/21/92 WAS TOLUENE 

52.000 HG/L 
7.000 MG/L 
9.300 PH 
7.000 PH 
7.000 PH 
8.400 PH 
6.600 PH 
7.300 PH 
7.700 PH 
7.200 PH 

1.000 UWL 

. .^ 

I 

J 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

A 

202 
202 

202 

I 



Table G - 1 1  
Results -Greater than Detection Limits f o r  QC Samples 

:I 
Sample Detection 
QC Code Sample Number Chemical Result Limit _ _ _ _ - - -  - - - - - - - - - - - - -  _ _ _ _ _ _ _ _ - - _ - - - - - _ _ _ _ _ _ _ _ _ _  - - - - - - - - - -  - - - - - - - - - -  . 007 0.000 FB GW30057CH AMERICIUM-241 

3.000 1.000 FB GW30057CH BICARBONATE AS CAC03 
FB GW30057CH NITRATE/NITRITE .080 .020 

0 002 0.000 FB GW30057CH PLUTONIUM- 23 9 /2 4 0 
FB GW30057CH URANIUM-235 .171 .137 

FB 
FB 
FB 
FB 

SW070 18CH 
SW070 l8CH 
SW07018CH 
SW07018CH 

GROSS ALPHA 
LEAD 
MANGANESE 
SILICON 

.480 
3 .goo 

20 0 000 
167.000 

.340 
3.000 
15 * 000 
100 0 000 

S W O ~ I ~ C H  
SWO 72 11CH 
SW072llCH 
SW072llCH 
SW072llCH 
SW072llCH 

AMERICIUM-241 
AMMONIA 
LEAD 
ORTHOPHOSPHATE 
TOTAL DISSOLVED SOLIDS 
URANIUM-233/234 

. 006 . 093 
10.400 

.065 
23.000 . 051 

0.000 
.OS0 

3.000 
0 050  

10.000 
0 . 000 

FB 
FB 
FB 
FB 
FB 
FB 

.001 
108 000 

.060 
125.000 
45.200 

5 0.000 
100 * 000 

.020 
100,000 
20.000 

GW30056CH 
GW30056CH 
GW30056CH 
GW30056CH 
GW30056CH 

AMERICIUM-241 
IRON 

SILICON 
ZINC 

NITRATE/NITRITE 
RNS 
RNS 

53.900 
3.900 

5.000 
3.000 

SD060 12CH 
SDO 60 12CH 

SD06014CH 
SD06014CH 
SD06014CH 
SD06014CH 
SD06014CH 

- ~ 

CADMIUM 
LEAD .- - 

LEAD 
PLUTONIUM-239/240 
URANIUM-233/234 
URANIUM-238 
ZINC 

RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 

5.400 
.005 
.200 
-260 

26.800 

3.000 
.002 
.I60 
.180 

20 000 

432 . 000 
3.200 

322.000 

100.000 
3.000 
20.000 

RNS 
RNS 
RNS 

SDO 6122CH 
SD06122CH 
SD06122CH 

IRON 
LEAD 
ZINC 

1430.000 
1210.000 

3.900 
18.100 

329.000 
242.000 

200.000 
100.000 

3.000 
15.000 
100.000 
200.000 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

SDO 615 1CH 
SD06151CH 
SD06151CH 
SD06151CH 
SD06151CH 
SD06151CH 

ALUMINUM 
IRON 
LEAD 
MANG2WESE 
SILICON 
TIN 

46.600 20.000 ZINC e RNs RNS 

SD06211CH 

247.000 
18.000 
26.800 

200.000 
15.000 
20.000 

SDO 64 8 O C H  
SDO 6 4 8 0 CH 
SDO 6 4 8 0 CH 

ALUMINUM 
MANGANESE 
ZINC 

RNS 
RNS 

SS 04 6 16 CH AMERICIUM-241 . 0 0 5  .002 
SS 04 6 16 CH URANIUM-238 .340 -194 



6/06/95 Table G-11 
Results Greater than Detection Limits for QC Samples 

RNS SS04617CH URANIUM-233/234 -230 -229 

RNS SS04618CH AMERICIUM-241 .150 . . 001 
RNS SS04619CH PLUTONIUM- 2 3 9 /2 4 0 
RNS SS04619CH URANIUM-233/234 

.002 .002 

.250 . 157 
RNS SS04621CH URANIUM-233/234 .410 . 186 
RNS SS04642CH AMgRICIUM-241 - -- -. 002 .. 001 
RNS SS04642CH URANIUM-233/234 .520 , 062 
RNS SS04642CH URANIUM-238 .880 . 037 
RNS SS04643CR URANIUM- 233 /234 
RNS SS04643CH URANIUM-238 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

SW07004CR 
SW07004CH 
SW07004cH 
SW07004CH 
SWO 7 0 0 4 CH 
SW070 04CH 
SW07004CH 
SW07004CH 
SW07004CH 
SWO 70 04CH 

SW07006CH 
SW07006CH 
SW07006CH 
SW070 0 6CH 
SW070 0 6CH 
SW070 0 6CH 
SW070 0 6CH 
SWO 7 0 0 6CH 
SWO 7 0 0 6 CH 

AMMONIA 
CADMIUM 
CADMIUM 
LEAD 
LEAD - 
OIL AND GREASE 
TOTAL DISSOLVED SOLIDS 
URANIUM-233/234 
URANIUM- 23 8 
ZINC 

- .  

-- ._ 

AMERICIUM-241 
AMERICIUM-241 
LBAD 
O I L  AND GREASE 
URANIUM-233/234 
URANIUM-233/234 
URANIUM-235 
URANIUM-238 
URANIUM-238 

.600 . 035 
-300 , 035 

. 084 
43 , 600 
77,000 . 
4 . 000 
13; 800 
10 ;600 - .  

23 . 000 
.450 
,300 

24.200 

. 005 . 008 
5.200 
8 , 850 . 090 
-130 . 045 
-120 
.230 

. 050 
5 . 000 
5.000 
3.000 
3.000 

- 5 . 0 0 0  
10.000 

.062 

.062 
20.000 

.002 

.006 
3.000 
5 . 000 
.038 
.035 
.038 
.os9 
.038 

RNS SW0702 1CH AMMONIA .094 .os0 
RNS SWO 702 1CH LEAD 3.300 - - 3.000 - -- 

- RNS SW07021CH- O I L  AND GREASE 8.400 5.000 
RNS SW07021CH ORTHOPHOSPHATE .113 .050 
RNS SW07021CH TOTAL DISSOLVED SOLIDS 52.000 10.000 
RNS SW07021CH URANIUM-233/234 .140 .OS8 

RNS SWO 7113 CH ALUMINUM 1830.000 200.000 
RNS SW07113CH AMMONIA .094 .OS0 
RNS SW07113 CH IRON 126 - 000 100. COC 
RNS SW07113 CH LEAD 4.100 3.000 
RNS SW07113CH MANGANESE 111.000 15.000 
RNS SW07113CH ZINC 29.200 20.000 



Table G-11 
Results Greater than Detection Limits for QC Samples 

Sample Detection 
QC Code Sample Number Chemical Result Limit _ - _ - - - -  - - - - - - - - - - - - -  . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - - -  - - - - - - - - - -  

RNS SW07213CH AMERICIUM- 2 41 . 004 .004 
RNS SWO 72 13 CH AMERICIUM-241 . 005 .003 
RNS SW072 13CH AMMONIA . 093 . 050 
RNS SW07213CH LEAD 14.500 3.000 
RNS SW07213CH LEAD 24.300 3.000 
RNS SW07213CH TOTAL SUSPENDED SOLIDS 7.000 5.000 
RNS SWO 72 13 CH URANIUM-238 ,380 .254 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

I 
RNS 

RNS 
~ RNS 

I '  RNS 

- RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

I RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 

RNS 
RNS 
RNS 

SW8 0 2 0 OWCU3 
SW8 02 0 OWCU3 
SW80200WCU3 
SW8 02 0 OWCU3 
SW80200WCU3 
SW8 02 OOWCU3 
SW8 02 OOWCU3 
SW8 02 0 OWCU3 
SW8 02 0 OWCU3 
SW8 02 0 OWCU3 
SW802OOWCU3 
SW8 0 2 0 OWCU3 
SW802OOWCU3 
SW802OOWCU3 
SW80200WCU3 
SW802OOWCU3 
SW8 02 0 OWCU3 

'SW8 0 2 0 3 WCU3 
SW802 03WCU3 
SW80203WCU3 
SW8 02 03WCU3 
SW8 0 2.0 3WCU3 
SW80203WCU3 
SW8 02 03WCU3 
SW80203WCU3 
SW8 02 0 3WCU3 
SW8 02 0 3 WCU3 
SW8 02 03WCU3 
SW8 02 03WCU3 
SW80203WCU3 
SW80203WCU3 
SW8 0 2 0 3 WCU3 
SW80203WCU3 
SW80203WCU3 
SW8 02 0 3WCU3 
sw.8 02 0 3wCU3 
SW8 02 0 3 WCU3 
SW8 02 03WCU3 
SW80203WCU3 

SW8 02 0 5WCU3 
SW80205WCU3 
SW80205WCU3 

ACETONE 
ANTIMONY 
BARIUM 
CALCIUM 
CHROMIUM 
COPPER 
MANGANESE 
MOLYBDENUM 
SELENIUM 
SILICON 
SODIUM 
TIC 
UNKNOWN HYDROCARBON 
URANIUM-233/234 
URANIUM-235 
URANIUM- 23 8 
PH 

ACETONE 
ALUMINUM 
AMERICIUM-241 
CALCIUM 
CHROMIUM 
GROSS BETA 
IRON 
MANGANESE 
PLUTONIUM- 239/240 
SILICON 
SODIUM 
TIC 
UNKNOWN HYDROCARBON 
URANIUM-233/234 
URANIUM- 23 3 /2 3 4 
URANIUM-235 
URANIUM-235 
URANIUM- 23 8 
URANIUM-238 
ZINC 
bis (2-ETHYLHEXYL) PHTHALATE 
PH 

CALCIUM 
CHROMIUM 
IRON 

15 . 000 
20 . 800 
6.200 

133 .OOO 
2.300 
3 . 000 
12.800 
4.100 
1 . 100 

128.000 
138.000 
7.000 
7.000 
.540 
,034 
,480 

7.700 

19.000 
84.900 

.008 
93.300 
2.700 
2.900 
30 -900 
2.700 
.098 

114 . 000 
244.000 

7.000 
7.000 
.520 
.530 
.033 
.OS4 
.380 
.450 

798.000 
11.000 
7.200 

115.000 
2.500 
26.900 

10 . 000 
19 . 800 
3 . 800 

24 . 100 
2 . 000 
2.300 
1.500 
3.500 

.800  
27.700 
34.400 

. 032 
,032 . 032 
0200 

10 . 000 
29.200 . 001 
24 . 100 
2.000 
2.400 
18.400 
1.500 
.OlO 

27.700 
34.400 

.054 

.036 

.031 

.036 

.031 

.012 
1.700 

10.000 
.200 

24.100 
2.000 
18.400 
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Results Greater than 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
m 
Rl?s 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

LVS 
RNS 
RNS 
RNS 

SW80205WCU3 
SW80205WCU3 
SW80205WCU3 
SW8 0 2 0 5WCU3 
SW8 0 2 0 5WCU3 
SW802 05WCU3 
SW8 0 2 0 SWCm 
SW8 02 05WCU3 
SW8 0 2 0 5WCU3 
SW8 02 05WCU3 

SW8 02 0 7WCU3 
SW8 02 07WCU3 
SW8 02 0 7WCU3 
SW8 02 0 7WCU3 
SW8 02 07WCU3 
SW8 02 0 7WCU3 
SW8 02 0 7WCU3 
SW8 02 0 7WCU3 
SW80207WCU3 
SW8 02 0 7WCU3 

SW8 02 09WCU3 
SW8 02 0 9WCU3 
SW8 0 2 0 9 WCU3 
SW8 02 0 9 WCU3 
SW80209WCU3 
SW8 02 0 9WCU3 
SW8 02 0 9WCU3 
SW8 02 0 9WCU3 
SW8 0 2 0 9WCU3 
SW80209WCU3 
SW80209WCU3 
SW8 02 0 9WCU3 

SW8 0 2 13 WCU3 
SW8 02 13WCU3 
SW8 0 2 13 WCU3 
SW8 02 13WCU3 
SW8 0 2 13 WCU3 
SW8 0 2 13WCU3 
SW8 0 2 13 WCU3 
SW8 02 13 WCU3 
SW8 02 13 WCU3 
SW8 02 13WCU3 
SW8 02 13 WCU3 
SW8 0 2 13 WCU3 

SW8 C2 15WCC3 
SW8 0 2 15WCU3 
SW802 1SWCU3 

Table G-11 
Detection Limits for QC Samples 

Chemical 
Detection 

Result Limit 

MANGANESE 
POTASSIUM 
SELENIUM 
SILICON 
SODIUM 
URANIUM- 233 /234 
URANIUM-235 
URANIUM-238 
ZINC 
P= 
AcgToNE 
CALCIUM 
IRON 
MANGANESE 
SILICON 
SODIUM 
URANIUM- 2 3 3 /2 34 
URANIUM-235 
URANIUM-238 
PH 
AMMONIA 
CALCIUM 
CESIUM- 13 7 
IRON - ,  

SILICON 
SODIUM 
TIN 
URANIUM-233/234 
URANIUM-235 
URANIUM-238 
ZINC 
PH 

AMERICIUM- 2 4 1 
CALCIUM 
LEAD 
MANGANESE 
SILICON 
SODIUM 
TIN 
URANIUM- 233 /234 
URANIUM-235 
URANIUM-238 
ZINC 
PH 

CALCI'VM 
SILICON 
SODIUM 

SW8 0 2 15WCU3 URANIUM- 2 3 3 /2 3 4 

_. . .  ~ 

. - 

2.600 
711.000 
1.300 

169.000 
105.000 
2.200 
.340 
.480 

1.900 
7,000 

49.000 
54.400 
45.200 
2.700 

119.000 
208.000 

.420 

.024 
-410 

9.300 

.140 
79.300 
1.200 

37.000 
124.000 
214.000 
11 . 000 

.SO0 

.014 
,540 

5.100 
7.300 

.006 
44.300 
67.500 
8.300 

94.200 
- - 308.000 

16.900 
-500 
.079 
.480 

9.400 
7.000 

61.300 
74.300 
178.000 

1.500 
674.000 

.800 
27.700 
34.400 

.050 

.160 

.085 
1.700 
.200 

10 000 
24 . 100 
18.400 
1 . 500 

27.700 
34.400 

-028 
.009 . 040 
0200 

. 100 
24 . 100 

' -550 
18.400 
27.700 
34.400 
9.400 
.064 . 010 . 055 

1.700 
,200 

.001 
24.100 
4.000 
1.500 

27.700 
34.400- 
9.400 
.010 
.030 
.010 

.200 
1.700 a 

24.100 
27.700 
34.400 - 

.580 .210 



Table G-11 
Results Greater than Detection Limits for QC Samples 

RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

*E 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 

a: 
RNS 
RNS 
RNS 
RNS 
RNS 

SW8 02 15WCU3 
SW802 15WCU3 

SW802 17WCU3 
SW8 02 17WCU3 
SW8 02 17WCU3 
SW8 02 17WCU3 
SW8 02 17WCU3 
SW8 02 17WCU3 
SW8 02 17WCU3 
SW8 02 17WcO3 
SW8 0 2 17WCU3 
SW8 02 17WCU3 
SW80217WCU3 
SW8 02 17WCU3 
SW8 02 17WCU3 
SW8 0 2 17WCU3 
SW80217WCU3 
SW8 02 17WCU3 
SW802 17WCU3 
SW80217WCU3 

SW8 02 19WCU3 
SW8 02 19WCU3 
SW8 0219WCU3 
SW8 0 2 19 WCU3 
SW8 0 2 19 WCU3 
SW80219WCU3 
SW8 0 2 19 WCU3 
SW8 02 19WCU3 
SW80219WCU3 
SW8 02 19WCU3 
SW8 0 2 19 WCU3 
SW8 02 19 WCU3 
SW8 02 19WCU3 
SW80219WCU3 
SW8 02 19 WCU3 
SW8 02 19 WCU3 
SW8 02 19 WCU3 
SW8 02 19WCU3 

SW8 022 1WCU3 
SW8 022 1WCU3 
SW80221WCU3 
SW80221WCU3 
SW8 022 1WCU3 
SW8022 1WCU3 
SW80221WCU3 
SW80221WCU3 
SW8 02 2 1WCU3 
Swa 0 2 2 1wcu3 
SW8 0 2 2 1WCU3 

URANIUM-238 
PH 

2,4,5”TRICHLOROPHENOL 
2,4-DINITROPHENOL 
2 -NITROANILINE 
3,3 ’ -DIMLOROBENZIDINE 
3-NITROANILINE 
4,6-DINITRO-2-METHYLPHENOL 
4-NITROANILINE 
4 -NITROPHENOL 
BENZOIC ACID 
CALCIUM 
MANGANESE 
PENTACHLOROPHENOL 
POTASSIUM 
SILICON 
SODIUM 
URANIUM-233/234 
URANIUM-238 
PH 

AMETRYN 
AMMONIA 
ATRATON 
ATRAZINE. 
CALCIUM- 
CHLORIDE 
GROSS ALPHA 
GROSS BETA 
PLU”ONIUM-239/240 
PROMETON 
PROMETRYN 
PROPAZINE 
SILICON 
SIMAZINE 
SIMETRYN 
SODIUM 
TERBUTHYLAZINE 
TERBUTRYN 

AMETRYN 
AMMONIA 
ATRATON 
ATRAZINE 
CALCIUM 
CHLORIDE 
GROSS ALPHA 
MANGANESE 
POTASSIUM 
PROMETON 
PROMETRYN 

,580 
8.400 

52.000 
52.000 
52 . 000 
21.000 
52.000 
52.000 
52.000 
52.000 
52 . 000 
110 . 000 
9.900 
52 . 000 

1890.000 
93 . 800 
112 . 000 . 170 . 170 
6 , 600 

-610 
,720 . 510 
-510 

_ _  .124.000 
10 . 100 
4.990 
14 . 020 . 114 

-310 
-610 . 310 

83.000 . 610 
-710 

244.000 
-310 
.510 

. 640 . 170 

.640 
,530 

44.800 
9.100 
.410 

2.600 
1830.000 

.320 

.640 

.210 

.200 

50.000 
50.000 
50.000 
20 .ooo 
50.000 
50.000 
50.000 
50.000 
50.000 
24.100 
1.500 

50 .OOO 
674.000 
27.700 
34.400 

.071 

.071 

.200 

.060 

.loo 

.060  

.050 
24.100 
1.000 
2.000 
4.000 . 010 . 030 
.060 
.030 

27.700 
.060 
.070 

34.400 
.030 
.050 

.060 . 100 

.060 

.050 
24.100 
1.000 
.350 

1.500 
674.000 

.030 

.060 



6/06/95 Table G-11 
Results Greater than Detection Limits for QC Samples 

Sample 
QC Code 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS . 
RNS 
RNS 
RNS 
RNS 
RNS 

- - - - - - -  

RNS 
RNS 
RNS 
RNS 
RNS 

Sample Number Chemical Result - - - - - - - - - - - - -  . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - _ _  
SW80221WCU3 PROPAZINE -320 
SW80221WCU3 SILICON 55.000 
SW8022lWCm SIMAZINE .640 
SW80221WCU3 SIMETRYN .740 
SW80221WCU3 SODIUM 71. SO0 
sw8022iwcu3 TERBUTHYLAZINE .320 
SW80221WCU3 TOTAL DISSOLVED SOLIDS 20.000 
SW8 022 1WCU3 1.100 
SW80221WCU3 URANIUM-235 -220 
SW80221WCU3 URANIUM-238 -220 
SW8022lWCU3 ZINC - 2.700 

SW80227WCU3 AMERICIUM-241 -004 
SW80227WCU3 SILICON 211.000 
SW80227WCU3 SILICON 258 . 000 
SW8 022 7WCU3 URANIUM- 2 3 3 /23 4 .300 
SW80227WCU3 URANIUM-238 . 100 

URANIUM- 2 3 3 /2 3 4 

RNS SW80228WCU3 ACETONE 
RNS SW80228WCU3 SILICON 
RNS SW8 02 2 8WCU3 SILICON 
RNS SW80228WCU3 URANIUM-233/234 
RNS SW80228WCU3 URANIUM-235 
RNS SW8 022 8WCU3 URANIUM- 23 8 

RNS 
- RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

SW8 0 2 4 OWCU3 
SW8024OWcc13 
SW8 02 4 OWCU3 
SW8 02 4 OWCU3 
SW8 024 OWCm 
SW8 02 4 OWCU3 
SW8024OWCU3 
SW8 0 2 4 OWCU3 
SW8 0 2 4 OWCU3 
SW8 0 2 4 OWCU3 
SW8024OWCU3 
SW8 024 OWCU3 

sw8 0 2 4 2 wcu3 
SW80242Wcu3 
SW8 0 2 42Wm3 
SW8 02 4 2WCU3 
sw8 0 2 4 2 w m 3  
SW80242WCU3 
sw8 0242wcu3 
SW8 0 2 42WCU3 
sw8 0 2 42wa73 
sw8 02 42wcu3 
SW8 02 4 2WFJ3 
sw8 02 4 2wcu3 
sw8 0 2 42 wcu3 

ALUMIMJM 
AMERICIUM- 241 
BARIUM 
CALCIUM 
IRON 
LEAD 
LITHIUM 
MANGANESE 
PLUTONIUM-239/240 
SILICON 
SODIUM 
ZINC 

ALUMINUM 
CALCIUM 
CHROMIUM - 

COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
POTASSIUM 
SILICON 
S0EII"W 
URANIUM-233/234 
ZINC 

Detection 
Limit - - - - - - - - - -  

.030 
27.700 

.060 

.070  
34.400 

.030 
10.000 

.310 

.180 
-180 

1.700 

. 002 
100 . 000 
100 . 000 . 083 

-083 

18 . 000 10 . 000 
102 . 000 100 . 000 
137 . 000 100.000 . 180 . 140 . 097 . 081 

,290 081 

20.300 18 700 
.004 0 . 000 

2.500 2.100 
82.400 17 . 400 
32.900 4 . 700 
5 . 8 0 0  1.300 
4 . 800 4.700 
6.500 2.100 . 003 0.000 

89.300 15.200 
155 . 000 28 -300 
14.200 2 . 100 
134.000 
140.000 
4.100 
4.600 

120.000 
1.800 
63.900 
8.600 

1390.000 
582.000 
841.000 

,310 
6.200 

18 . 700 
17.400 
2.400 
2.400 
4.700 
1.300 

29.600 
2.100 

779.000 
15.200 
28.300 

.167 
2.100 



Table G-11 
Results Greater than Detection Limits for QC Samples 

RNS TR02032CH AMERICIUM-241 
RNS TR02032CH PLUTONIUM- 2 3 9 /24 0 

.003 0.000 

.001 0.000 

RNS TR02051CH AMBRICIUM- 24 1 .005 0 . 0 0 0  

RNS TR02070CH AMBRICIUM- 241 .004 0.000 

RNS TR02108CH AMERICIUM-241 
RNS TR02108CH PLUTONIUM-239/240 

. 006  0 . 0 0 0  
0 - 000 .008 

RNS . .  TR02127CH PLUTONIUM- 239/240 .006 .005 

.006 0 . 000 RNS 

RNS 

.... TR02146CH AMgRICIUM-241 

TR02165CH 
TR02165CH 
TR02165CH 

-1CIUM-241 
PLUTONIUM- 2 3 9 /24 0 
URANXUM-235 

.004 . 011 
046 

0 . 000 
0 . 000 
0 000 

RNS 
RNS 

TR02184CH 
TR02184CH 

AMERICIUM- 24 1 
PLUTONIUM- 23 9 /24 0 

- 005 
.002 

0 . 000 
0 . 0 0 0  

RNS 
RNS 

TR02203CH 
TR02203CH 

AMBRICIUM-241 
PLUTONIUM- 2 3 9 /24 0 

.003 

.003 
0 . 0 0 0  
0 . 0 0 0  
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FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 

- - - - - - -  

FB 
FB 
FB' 
FB 
FB 
FB 

' F B  
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 

FB 
FB 
FB 
FB 
FB 

Table G-12 
Detection Frequency for QC Samples 

Chemical . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ALUMINUM 
AMERICIUM-241 
AMMONIA 
ANTIMONY 
ARSENIC 
ATRAZINE 
BARIUM 
BERYLLIUM 
BICARBONATE AS CAC03 
CADMIUM 
CALCIUM 
CARBONATE AS CAC03 
CESIUM 
CHLORIDE 
CHROMIUM 
COBALT 
COPPER 
CYANIDE 
FLUORIDE 
GROSS ALPHA 
GROSS BETA 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
NITRATE/NITRITE 
OIL AND GREASE 
ORTHOPHOSPHATE 
PHOSPHORUS 
PLUTONIUM- 23 9 /240 
POTASSIUM 
SELENIUM 
SILICON 
SILVER 
SIMAZINE 
SODIUM 
STRONTIUM 
SULFATE 
SULFIDE 
THALLIUM 
TIN 
TOTAL DISSOLVED SOLIDS 
TOTAL SUSPENDED SOLIDS 
TRITIUM 
URANIUM-233/234 
URANIUM-235 
URANIUM- 23 8 
VANADIUM 
ZINC 

Detection 
Frequency 

,400 
.so0 

1.000 
0.000 
0.000 
0 , 000 
.400 

0.000 
. 500  
,200 
,800 

0.000 
0.000 
0 , 000 
0 000 
0.000 
0.000 
0.000 
0.000 
, 667 
,333 
.600 
,400 

- 0.000 
,600 
.400 

0 000 
0.000 
0.000 

,500 
0.000 
1.000 
0,000 

,750 
0 , 000 
-200 
,200 

0.000 
0.000 
,800 
,200 

0.000 
0 , 000 
,200 
.200 
.500 

0.000 
1.000 

.500 

.500  

. 5 0 0  
0.000 

.400  

- - - - - - - - -  
No. of 
Detects - - - - - - -  

2 
2 
1 
0 
0 
0 
2 
0 
1 
1 
4 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 
3 

- - 2  
0 
3 
2 
0 
0 
0 
1 
0 
1 
0 
3 
0 
1 
1 
0 
0 
4 
1 
0 
0 
1 
1 
1 
0 
1 
2 
2 
2 
0 
2 

No. of 
Non-Det . - - - - - - -  

3 
2 
0 
5 
5 
1 
3 
5 
1 
4 
1 
2 
5 
2 
5 
5 
5 
1 
2 
1 
2 
2 
3 
5 
2 
3 
5 
5 
5 
1 
1 
0 
1 
1 
5 
4 
4 
5 
1 
1 
4 
2 
1 
4 
4 
1 
2 
0 
2 
2 
2 
5 
3 
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Detection Frequency for QC Samples 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

'RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

Detection 
Frequency - - - - - - - - -  

0 000 
0 000 
0 * 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 000 
0 . 0 0 0  
0.000 
0 000 
0 000 
0.000 
0.000 
0.000 
0.000 
0 000 
0.000 
0 000 
0 . 0 0 0  
0 * 000 
0 * 000 
0.000 
0 * 000 
0.000 
0 * 000 
0.000 
0.000 
.125 
.375 

0 000 
0 000 
0 000 
0 000 
0 * 000 
0 * 000 
0.000 
0.000 
0 * 000 
0.000 
0.000 
.154 

0.000 
0.000 
.389 
.379 

0.000 
.875 

0.000 
. O S 6  

0 13 
0 13 
0 13 
0 13 
0 13 
0 8 
0 8 
0 13 
0 13 
0 13 

0 8 
0 8 
0 8 
0 8 
0 8 
0 8 
0 8 
0 8 
0 13 
0 8 
0 8 
0 13 
0 8 
0 8 
0 8 
0 8 
0 8 
0 8 
0 8 
1 7 
3 5 
0 8 
0 8 
0 8 
0 8 
0 8 
0 13 
0 8 
0 -  8 -  
0 8 
0 8 
0 8 
2 11 
0 8 
0 8 
14 22 
22 36 
0 2 
7 1 
0 8 
2 34 

0 8 
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RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

- - - - - - -  

a z  
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 

Table G-12 
Detection Frequency for QC Samples 

AROCLOR-1016 
AROCLOR-1221 
AROCLOR-1232 
AROCLOR- 1242 
AROCLOR-1248 
AROCLOR-1254 
AROCLOR-1260 
ARSENIC 
ATRATON 
ATRAZINE L 

BARIUM 
BENZENE 
BENZO (a)ANTHRACENE 
BENZO (a) PYRENE 
BENZO (b E’LUORANTRENE 
BENZO (ghi) PERYLENE 
BENZO (k 1 FLUO- 
BENZOIC ACID 
BENZYL ALCOHOL 
BERYLLIUM 
BICARBONATE AS CAC03 
BROMODICHLOROMETRANE 
BROMOFORM 
BROMOMETKANE 
BUTYL BENZYL PHTHALATE 
CADMIUM 
CALCIUM 
CARBON DISULFIDE 
CARBON TETRACHLORIDE 
CARBONATE AS CAC03 
CESIUM 
CESIUM-137 
CHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
CHROMIUM 
CHRYSENE 
COBALT 
COPPER 
CYANIDE 
DI-n-BUTYL PHTHALATE 
DI-n-OCTYL PHTHALATE 
DIBENZO (a, h)ANTHRACENE 
DIBENZOmTRAN 
DIBROMOCHLOROMETHANE 
DIELDRIN I 

DIETHYL PHTHALATE 
DIMETHYL PHTHALATE 
ENDOSULFAN I 
ENDOSULFAN I1 
ENDOSULFAN SULFATE 

0.000 
0.000 
0 . 000 
o*ooo 
0 , 000 
0.000 
0 000 
0,000 
0.000 
0 . 0 0 0  
, 444 

0 , 000 
0.000 
0.000 
0 , 000 
0 . 000 
0.000 
0 . 000 
0.000 
-028 
-125 

0 , 000 
0 . 000 
0 . 000 
0 . 0 0 0  
111 

.889  
0.000 
0 . 000 
0 , 000 . 056 
, 143 
,250 

0 . 000 
0 000 
0 . 000 
, 154 
167 

0.000 
.083 
.278 

0.000 
0.000 
0 000 
0.000 
0 . 0 0 0  
0 000 
0 . 000 
0 , 000 
0.000 
0.000 
0.000 
0.000 

0 
; o  
0 
0 
0 
0 
0 
0 
0 
0 

16 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
4 
32 
0 
0 
0 
2 
1 
2 
0 
0 
0 
2 
6 
0 
3 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

8 
8 
8 
8 
8 
8 
8 

36 
2 
5 

20 
13 

8 
8 
8 
8 
8 
8 
8 

35 
7 
13 
13 
13 
8 

32 
4 
13 
13 
8 

34 
6 
6 

13 
13 
13 
11 
30 
8 

33 
26 
16 
8 
8 
8 
8 

13 
8 
8 
8 
8 
8 
8 
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QC Code 

Table G-12 
Detection Frequency for QC Samples 

Chemical 
Detection No. of 
Frequency Detects 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

ENDRIN 
ENDRIN KETONE 
ETHYLBENZENE 
FLUORANTIIENE 
FLUORENE 
FLUORIDE 
GROSS ALPHA 
GROSS BETA 
HEPTACHLOR 
EEPTACHLOR EPOXIDE 
HKXACHLOROBENZENE 
HEXACBLOROBUTADIENB 
FIEXACHLOROCYCLOPEIIENE 
HEXACHLOROETHANE 
INDENO (1,2,3 -cd) PYRENE 
IRON 
ISOPHORONE 
LEAD 
LITHIUM. 
MAGNESIUM 
MANGANESE 
MERCURY 
METHOXYCHLOR 
METHYLENE CHLORIDE 
MOLYBDENUM 
N-NITROSO- DI -n- PROPYLAMINE 
N- NITROSODIPHENYLAMINE 
NAP- 
NICKEL 

NITROBENZENE 
OIL AND GREASE 
ORTHOPHOS PHATg 
PENTACHLOROPHRNOL 
PHENANTRRENE 
PHENOL 
PHOSPHORUS 
PLUTONIUM-236 
PLUTONIUM- 23 8 
PLUTONIUM- 2 3 9 /2 4 0 

NITRATE/NITRITE 

POTASSIUM 
PROMETON 
PROMETRYN 
PROPAZINE 
PYRENE 
SELENIUM 
SILICON 
SILVER 
SIMAZINE 
SIMETRXV 
SODIUM 
STRONTIUM 
STRONTIUM-89/90 

0 . 0 0 0  
0 . 0 0 0  
0 . 000 
0 000 
0 . 0 0 0  
0 . 0 0 0  
118 

0 . 0 0 0  
0 . 000  
0 . 0 0 0  
0 000 
0 . 000 
0 . 0 0 0  
0 000 

0.000 

0 111 

. i i a  

s a 3  

-583 

-389 . a89 
-028 

. 083 

0 000 
0 . 000 

0 .000  
0 000 
0 . 0 0 0  
-056 . 063 

0.000 
.so0 
-143 

0 0 000 
0 . 000 
0 . 0 0 0  
0 . 0 0 0  
1.000 
0 . 000 

-407 
-194 

0.000 
0.000 
0.000 
0.000 
.222 
.so0 
.028 

0.000 
0.000 
.917 
.333 
.143 

0 
0 
0 
0 
0 
0 
4 
4 
0 

. o  
0 
0 
0 
0 
0 
21 
0 

21 
4 
14 
32 
1 
0 
0 
3 
0 
0 
0 
2 
1 
0 
3 
1 
0 
0 
0 
0 
1 
0 

22 
7 
0 
0 
0 
0 
8 
18 
1 
0 
0 

33 
12 
1 

. .  

No. of 
Non-Det . 

a 
a 

a 
a 

- - - - - - -  

13 

8 
30 
30 

a 
a 
a 
a 
a 
a 
a 

a 
15 

15 
32 
22 
4 

35 

13 
33 

8 

34 
15 

3 
6 

8 

7 
0 
1 
32 
29 
2 
2 
2 
8 

18 
3s 
S 
2 
3 
24 
6 

a 

a 

a 

a 

a 

a 

28 

e 

1) 
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RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

- - - - - - -  

* E: 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

TB 
TB 
TB 
TB 
TB 
TB 
TB 

e: 
TB 
TB 
TB 
TB 
TB 

Table 6-12 
Detection Frequency f o r  QC Samples 

STYRENE 
SULFATE 
SULFIDE 
TgRBuTHyLAzINE 
TERBuTRm 
TETWiCHLOROETHENE 
THALLIUM 
TIC 
T I N  
TOLUENE 
TOTAL DISSOLVED SOLIDS 
TOTAL SUSPENDED SOLIDS 
TOTAL XYLENES 
TOXAPHENE 
TRICHLOROETHENE 
TRITIUM 
UNKNOWN HYDROCARBON 
URANIUM-233/234 
URANIUM-235 
URANIUM-238 
VANADIUM 
VINYL ACETATE 
VINYL CHLORIDE 
ZINC 
alpha-BHC 
alpha-CHLORDANE 
beta - BHC 
bis (2 - CHLOROETHOXY) METHANE 
bis (2-CHLOROETHYL) ETHER 
biS (2 - CHLOROISOPROPYL) ETHER 
biS (2-ETKyLHExyL) PHTHALATE 
c ~ s - ~ , ~ - D I C H L O R O P R O P ~  

g a - B H C  (LINDANE) 
delta - BHC 
gamma-CHLORDm 
PH 
trans - 1,3 -DICRLOROPROPEiTE 
l,l,l-TRICHLOROETHANE 
1,1,2,2-TETRACHLOROETHANE 
1,1,2 - mICHLOROETHANE 
1,l-DICHLOROETHANE 
1,l-DICHLOROETHENE 
1,2 - DICHLOROETHANE 
1,2-DICHLOROETHENE 
1,2-DICHLOROPROPANE 
2 - BUTANONE 
2-HEXANONE 
4-METHYL-2-PENTANONE 
ACETONE 
BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 

0 . 000 
0 . 000 
0 . 000 
0 . 000 
0.000 
0.000 
0.000 
1 . 000 . 111 . 077 
,500 . 125 

0 . 000 
0 . 000 
0 . 000 
0 . 000 
1.000 
-667 
,426 
-630 
-028 

0 .000  
0 . 000 . 750 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
-125 

0 . 000 
0 .000  
0 . 000 
0 . 000 
1.000 
0 . 000 

0 . 0 0 0  
0 . 0 0 0  
0 . 000 
0 . 000 
0 . 000 
0 000 
0 . 0 0 0  
0 . 0 0 0  
0 . 000 
0 000 
0 . 000 
0 . 0 0 0  
0 000 
0 . 0 0 0  
0 000  

0 
0 
0 
0 
0 
0 
0 
2 
4 
1 
4 
1 
0 
0 
0 
0 
2 
36 
23 
34 
1 
0 
0 
27 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
8 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

No. of 
Non-Det . 

13 
8 
6 
2 
1 
13 
36 
0 

32 
12 
4 
7 
13 
8 

13 
10 
0 

18 
31 
20 
35 
13 
13 
9 
8 
8 
8 
8 
8 
8 
7 
13 
8 
8 
8 
0 

13 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

- - - - - - -  
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TB 
TB 
TB 
TB 
TB 
TB 
T B -  
TB 
TB 
TB 
TB 
TB 
TB 
TB 
TB 
TB 
TB 
TB 
TB 

- - - - - - -  

Table G-12 
Detection Frequency f o r  QC Samples 

Chemical . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BROMOMETHANE 
CARBON DISULFIDE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETEIANE 
CHLOROFORM 
CEILOROMETHANE 
DIBROMOCHLOROMETHANB 
ETHYLBENZENE 

STYRENE 
TBTRACHLOROETHE3lB 
TOLUENE 
ToTAt XYLENES 
TRICLILOROETRENE 
VINYL ACETATE 
VINYL CHLORIDE 
c~S-~,~-DICIZOROPROPENE 
tans - 1,3 -DICHLOROPROPRNB 

CHLORIDE 

Detection 
Frequency 

0 . 0 0 0  
0 . 000 
0 . 0 0 0  
0 . 000 
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 0 000 
0 . 000 
0 . 0 0 0  
0 .000  
0 . 000 
. -500 
0 0 000 
0 . 000 
0 0 000 
0 .000 
0 .000  
0 . 000 

- - - - - - - - -  
No. of 
Detects - - - - - - -  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 

No. of 
Non-Det . 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 



6/02/99 a Table 0-13 
Data Recorda Flagged a# T I C 8  

ED07592 SD REAL SDOO37bvCU3 7/13/92 W VOACLP WIA-ORO-CLP WAS MKNOUW 
ED07692 SD REAL SD003?5sucV3 7/13/92 H VOACLP VOA-ORO-CLP WAS UNKMWH-1 
ED07692 SD REAL SDOOSTSW3 7/13/92 W W C L P  VOA-ORO-CLP VOAS FKHWH-2 

7/16/92 9.000 W/KO J PO2 LAKE GRAB S 
7/16/92 9.000 M / K O  J 202 LAKE GRAB 8 
7/16/92 24.000 U(I/KO J 202 1AKE ORAD I 

-, 

I 
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SOIL-TRENCH PROFILES 
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I Rocky Flats Environmental Technology Sire 
Draft R F m I  ODerable Unit 3 

Appendix H contains tables and figures showing activities of radionuclides (americium-241, 
plutonium-239, -240, uranium-233, -234, uranium-235, and uranium-238) with depth for each soil trench. 
In the table content, “A” indicates data accepted and “ R  indicates data rejected by the independent data 
validation process. 

Appendix H also includes tables that summarize the classification and mineralogy of soils collected from 
the trenches. The particle size, pH, bulk density, specific surface area, and cation exchange capacity are 
also summarized for each trench. 

H-1 



Rocky Flats 
Trench 02792 Data 

A 
1.9E-1 
2.8E-1 
2.OE-1 
3.2E-1 
5.6E-1 
2.9E-1 
2.4E+O 
6.8E-1 
6.4E-1 
9.5E-1 

Depth 
(anl 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

Depth 
lan) 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

Depth 
0 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

- 

- - 

- 

R 
- 
Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Yal 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- - 
- 

- 

2.7E-1 
7.5E-2 
1 BE-2 
1.7E-2 
1 SE-2 
3.1 E-3 
3.8E-3 
3.7E-3 
1.7E-2 

- 
Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- 

7.4E-2 
1 SE-2 
5.2E-3 
9.8E-3 
4.2E-3 
7.3E-3 
2.5E-3 
2.4E-3 
1.6E-2 

-Pu (pCUg) 
1.41 E+OO 

1.4E+O 
1.3E+0 
1.6E+O 
1.4E+O 

1 .OE+O 
7.5E-1 

7.3E-1 
4.OE-1 
1.7E+O - 

2.66E-01 
7.47E-02 
1.61 E-02 
1.74E-02 
1.47E-02 
3.1 OE-03 
3.76E-03 
3.66E-03 
1.72E-02 

1.2E+O 
1.1 E+O 

1 .OE+O 
1.2E+O 

9.8E-1 

8.5E-1 
8.5E-1 

8.8E-1 
1.3E+O - 

-u (pCUg) 
1.28E+00 

1.3E-2 
8.lE-2 
3.7E-2 
6.6E-3 
9.4E-2 
5.4E-2 
4.5E-2 
6.3E-2 
3.4E-2 - 

1.60E+00 
1.35E+00 
1.53E+00 
1.37E+00 
9.06E-01 
8.66E-01 
6.24E-01 
5.06E-01 
1.47E+00 

-uPu 
8.69E-01 
1 .16E+00 
1.07E+00 

1 .Ol  E+OO 
1.21 E+OO 

9.78E-01 

8.46E-01 
8.53E-01 

8.81 E-01 
1.25E+00 

- 
A 

1.3E+O 
1.6E+O 
1.3E+O 
1 SE+O 
1.4E+O 
9.1 E-1 
8.7E-1 
6.2E-1 
5.1 E-1 

- 

1 SE+O - 

R 

- 
tal 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- - 
- 

- - 
- 

- 

"'Am (pcug) 
2.72E-01 
7.39E-02 
1.47E-02 
5.21 E-03 
9.80E-03 
4.1 9E-03 
7.32E-03 
2.55E-03 
2.36E-03 
1 B4E-02 

(pCUg) 
9.26E-02 
1.85E-02 
1 .Ol  E-01 
5.82E-02 
8.93E-03 
7.06E-02 
5.48E-02 
3.29E-02 
2.54E-02 
5.71 E-02 

=uPu 
6.27E-02 
1.34E-02 
8.06E-02 
3.72E-02 
6.60E-03 
9.4OE-02 
5.35E-02 
4.49E-02 
6.28E-02 
3.42E-02 

A 
9.3E-2 
1.8E-2 
1 .OE-1 
5.8E-2 
8.9E-3 
7.1 E-2 
5.5E-2 
3.3E-2 
2.5E-2 
5.7E-2 

- 

- 

R 

- 
Val 

A 
A 
A 
A 
A 
A 
A 
A 
-A 
A 

- 

- - 
Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- - 
Val - 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A - 

"' A-Pu 
1.93E-01 
2.78E-0 1 
1.97E-01 
3.23E-01 
5.63E-01 
2.86E-0 1 

6.78E-01 
6.44E-01 

2.36E+00 

- 9.53E-01 

=u (pCUg) 
1.48E+00 
1.38E+00 
1.26E+00 
1.57E+00 
1.35E+00 

1.02E+00 
7.52E-01 

7.32E-0 1 
4.04E-01 
1.67E+00 

-uPu 
1.39E+Ol 
8.65E+Ol 
1.33E+Ol 
2.63E+01 
1.54E+02 
1.28E+Ol 
1.58E+Ol 
1.90E+Ol 
2.00E+Ol 
2.58E+Ol 

8.7E+1 
1.3E+l 
2.6E+1 
1 SE+2 
1.3E+1 
1.6E+1 
1.9E+l 
2.OE+1 
2.6€+1 



1 

0 x 
0 

n 9 

s 
3 -  5 % - 
:o 

f 

H 0 

. -  - 



N _- 

;I- 



L 

0 
m 
r 

0 

c 

0 N c 

0 
0 c 

0 z .  
0 

W c 

x 
0 W 

z z  
8 ,  N 

3 

9 
0 

0 0 0 

0 N 

0 
Y 
c 

In 
N 
c 

0 
9 
c 

zs 
W 

6! 

x 0 



e 

-uPu 
A 1.12E+00 
A 1 .13E+00 
A 1.21 E+OO 

A 1.45E+00 
A 1 .13E+00 
A 1.04E+00 

A 8.59E-0 1 
A 8.83E-01 

A 8.74E-0 1 
A 9.06E-01 

A R 
l.lE+O 
1.1 E+O 
1.2E+0 

1 SE+O 
1 .l E+O 
1 .OE+O 

8.6E-1 
8.8E-1 

8.7E-1 
9.1 E-1 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

-uPu 
1.12E+00 
1 .13E+00 
1.21 E+OO 
8.59E-0 1 
8.83E-01 
1.45E+00 
1 .13E+00 
1.04E+00 
8.74E-0 1 
9.06E-01 

Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

W P U  A R 
4.71 E-02 4.7E-2 
4.29E-02 4.3E-2 
3.41 E-02 . 3.4E-2 
3.99E-02 4.OE-2 
3.74E-02 3.7E-2 
2.91 E-02 2.9E-2 
8.1 7E-03 8.2E-3 
3.65E-02 3.7E-2 
1.03E-01 1 .OE-1 
6.12E-02 6.1 E-2 

Rocky Flats 
Trench 02892 Data - 

Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- - 
- 

- 

- 
R 

2.4E-1 
3.3E-1 
3.5E-1 

-1.4E-1 
3.8E-1 

- 
1 .5E+O 

1.3E+O 
3.OE+O 
4.OE+O 
6.OE-1 - 

Depul 
lan) 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

oepth 
&!L 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

- 

- 

- 
Val 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

- 

- 

- 
Ual 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

- 

- - 
Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- 

R - A - R 
6.6E-2 
2.8E-2 
6.OE-3 
2.OE-2 
-1 .OE-3 
3.OE-3 
4.OE-3 
3.OE-3 
8.OE-3 
3.OE-3 

- 

- 

A 
2.8E-1 
8.4E-2 
1.7E-2 
1.3E-2 
7.OE-3 
8.OE-3 
3.OE-3 
1 .OE-3 
2.OE-3 
5.OE-3 

- a’Am (pCug) 
6.60E-02 
2.8OE-02 
6.00E-03 
2.OOE-02 
-1.00E-03 
3.00E-03 
4.00E-03 
3.00E-03 
8.00E-03 
3.00E-03 

m A e P u  
2.37E-01 
3.33E-01 
3.53E-01 

-1.43E-01 
3.75E-01 

1.54E+00 

1.33E+00 
3.00E+00 
4.00E+00 
6.00E-01 

-Pu (pCUg) 
2.79E-0 1 
8.40E-02 
1.7OE-02 
1.30E-02 
7.OOE-03 
8.00E-03 
3.OOE-03 
1 .OOE-03 
2.OOE-03 
5.OOE-03 - 

V a l  

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- 

A 
7.4E-1 
1.2E+O 

- 
1.4E+O 
8.8E-1 
7.8E-1 

8.3E-1 

8.8E-1 

1.1 E+O 

1.1 E+O 

R R R A 
3.1 E-2 
4.762 
4.OE-2 
4.1 E-2 
3.3E-2 
2.3E-2 
6.OE-3 
4.OE-2 
1 .OE-1 
5.8E-2 

- A 
6.6E-1 
1 .l E+O 
1.2E+O 
1 .OE+O 
8.8E-1 
7.9E-1 
7.3E-1 
1.1 E+O 
1 .OE+O 
9.5E-1 

-u (pCUg) 
7.35E-01 

=u (pCUg) 
3.1 OE-02 

=u (pCUg) 
6.58E-01 

1.24E+00 
1.42E+00 
8.82E-0 1 
7.79E-01 

8.27E-01 

8.75E-0 1 
8.58E-01 

1 .15E+00 

1 .14E+00 

4.70E-02 
4.00E-02 
4.1 OE-02 
3.3OE-02 
2.30E-02 
6.OOE-03 
4.00E-02 
1.03E-01 
5.80E-02 

l.lOE+OO 
1.1 7E+00 
1.03E+00 
8.82E-01 
7.91 E-01 
7.34E-01 
1 .l OE+OO 
l.OOE+OO 
9.47E-0 1 8.6E-1 

24 
36 
48 
72 P 96 

R R A 
l.lE+O 
1.1 E+O 
1.2E+0 

1 SE+O 
1 .l E+O 
1 .OE+O 

8.6E-1 
8.8E-1 

8.7E-1 
9.1 E-1 

A 
2.4E+1 
2.6E+l 
3.5E+l 
2.2E+1 
2.4E+1 
S.OE+l 
1.4E+2 
2.9E+1 
8.5E+O 
1 SE+l 

-uPu 

2.64E+01 
2.37E+01 

3.54E+Ol 
2.15E+Ol 
2.36E+01 
4.99E+O1 
1.38E+02 
2.86E+01 
8. SOE+OO 
1.48E+Ol 



0 

f 

0 

3 
0 
9 
Q 

0 
9 I 

2 a 8 8 0 0  s 8 % 
(-1 Ind.a 

i? 



li' / 

L. 

1 
0 z :: 8 53 8 8 R 8 8 



I n 

0 a 
c 

0 .. c 
0 N c 

0 0 - 
z :  p 

0 * 

0 CI 

0 

U 

c 

c 
7 

c 

In c 

x 
B o  
3 

? $  
In N 

0 
9 

0 0 0 

I -  



A 
5.2E-1 
2.OE-1 
3.6E-2 
1.7E-2 

1 .OE-2 
1.2E-2 
1 BE-2 
4.4E-3 
1 SE-2 

R 

3.09E-03 

Yal 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

#‘A,,, 
5.61 E-01 R 

R 
R 
R 
R 
R 
R 
R 
R 
R 

m ’ A V P u  
1.08E+00 
2.75E+00 
3.75E-0 1 
4.06E-01 
9.35E-0 1 
4.80E-01 
2.77E+00 
4.71 E-01 
l.l7E+Ol 
2.16E-01 

1 .6E+l 
2.5E+l 
2.OE+l 
3.3E+1 
9.8€+0 
2.2€+1 
2.OE+l 
4.1E+l 
4.8E+l - 

Rocky Flats 
Trench 02992 Data - 

R 
1.1 E+O 
2.8E+O 
3.8E-1 
4.1 E-1 
9.4E-1 
4.8E-1 
2.8E+O 
4.7E-1 

2.2E-1 
1.2E+1 

oepth 
0 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

kpul 
lan) 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

Depth 
&!?L 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

- - 

- - 

- 

- 
Val 

A 
A 
A 
A 
R 
A 
A 
A 
A 
A 

Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- - 
- 

- - - 

- 

A A R 
5.6E-1 
5.6E-1 
1.3E-2 
6.9E-3 
2.9E-3 
4.8E-3 
3.2E-2 
7.5E-3 
5.2E-2 
3.2E-3 

-Pu (pCUg) 
5.21 E-01 
2.04E-0 1 
3.57E-02 
1.71 E-02 
3.09E-03 
9.97E-03 

’ 1.1 5E-02 
1.6OE-02 
4.41 E-03 
1.49E-02 

5.61 E-01 
1.34E-02 
6.94E-03 
2.89E-03 
4.79E-03 
3.1 9E-02 
7.53E-03 
5.1 7E-02 
3.22E-03 - 

Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- - 
- 

- 

- 
Yal 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- 

AIR 
8.OE-1 

7.6E-1 
5.OE-1 
6.6E-1 
5.8E-1 
4.6E-1 
4.lE-1 
6.5E-1 

1.2E+O 

R A 
8.OE-1 
1 SE+O 
7.2E-1 
6.7E-1 
5.4E-1 
7.1 E-1 
4.8E-1 
5.0E-1 
5.6E-1 
6.9E-1 

- 

- 

R A 
3.1 E-2 
7.5E-2 
3.1 E-2 
2.5E-2 
2.OE-2 
5.9E-2 
2.1 E-2 
2.OE-2 
1.6E-2 
1.6E-2 - 

=u (pCUg) 
8.00E-0 1 

=u (pCUg) 
3.05E-02 

-u (pCUg) 
8.00E-01 
1.23E+00 
7.62E-01 
4.97E-01 
6.63E-01 
5.83E-01 
4.64E-01 
4.06E-01 
6.53E-01 
7.56E-0 1 

7.52E-02 
3.1 1 E-02 
2.48E-02 
2.01 E-02 
5.92E-02 
2.1 1 E-02 
2.00E-02 
1.61 E-02 
1 S9E-02 

1.45E+00 
7.23E-01 
6.70E-01 
5.43E-01 
7.1 OE-01 
4.78E-01 
5.OOE-01 
5.57E-01 
6.92E-01 7.6E-1 - 

Yal 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- 

=uPu 
3.81 E-02 
5.1 9E-02 
4.3OE-02 
3.7OE-02 
3.70E-02 
8.34E-02 
4.41 E-02 
4.00E-02 
2.89E-02 
2.30E-02 

-uPu 
2.62E+01 
1.64E+Ol 
2.45E+Ol 
2.00E+01 
3.30E+Ol 
9.85E+00 
2.20E+Ol 
2.03E+Ol 
4.06E+Ol 
4.75E+Ol 

-uPu 
l.OOE+OO 
8.48E-01 
l.OSE+OO 
7.42E-0 1 
1.22E+00 
8.21 E-01 
9.71E-01 
8.12E-01 
1 .17E+00 
1.09E+00 

8.5E-1 

7.4E-1 

8.2E-1 
9.7E-1 
8.1E-1 

l.lE+O 

1.2E+O 

1.2E+O 
1.1 E+O - 

5.2E-2 
4.3E-2 
3.7E-2 
3.7E-2 
8.3E-2 
4.4E-2 
4.OE-2 
2.9E-2 
2.3E-2 - 



O 

% 1  

a 

0 



(Y 
d, 
0)  
(Y a i  t 
c I I 

I 



B 



a 

A R 
9.4E-2 
4.1 E-2 
2.1 E-2 
4.1 E-2 
-8.3E-3 
6.1 E-2 
1.2E-1 
2.7E-2 
9.4E-2 

~ 1.9E-2 

Val 

A 
A 
A 
A 

A 
A 
A 
A 
A 

A 

-uPu 
1.21 E+Ol 
1.95E+Ol 
2.78E+01 
2.27E+01 

l.OSE+Ol 
1.41 E+Ol 
4.40E+Ol 
1.50E+01 
6.03E+Ol 

-1.33E+02 

Rocky Flats 
Trench 03092 Data - 

Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- 

oepul 
&!L 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 - 

- 
Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- - 
- 

- - - 

- 

- 
Yal 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Val 

- - 
- 

- - 
- 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A - 

R R R A 
1.8E-1 
2.4E-1 
2.7E-1 
3.3E-1 
2.2E-1 
3.6E-1 
-7.OE-1 

2.8E-1 
8.9E-1 

A 
7.9E-2 
9.3E-2 
3.7E-2 
1 .OE-2 
3.9E-3 
3.8E-3 
4.OE-3 
1.9E-3 
4.3E-3 
3.9E-3 

a l A m y P u  
1.81 E-01 
2.44E-01 

3.35E-01 
2.23E-01 
3.56E-01 
-6.96E-01 

2.72E-01 

A 
4.4E-1 
3.8E-1 
1.4E-1 
3.1 E-2 
1.7E-2 
1 .l E-2 
-5.7E-3 

1 SE-2 
4.4E-3 

- 

O.OE+O 

%'Am (pcug) 
7.94E-02 

-Pu (pCUg) 
4.39E-01 

9.29E-02 
3.71 E-02 
1.03E-02 
3.88E-03 
3.84 E-03 
4.00E-03 
1.94E-03 
4.34E-03 
3.94E-03 

3.81 E-01 
1.36E-01 
3.08E-02 
1.74E-02 
1.08E-02 
-5.74E-03 

1.54E-02 
4.41 E-03 

O.OOE+OO 
2.82E-0 1 
8.94E-01 - 

Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- 

Depul 
(an) 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 - 

A 
7.5E-2 
3.8E-2 
2.5E-2 
4.4E-2 
-7.6E-3 
7.4E-2 
1.2E-1 
2.OE-2 
7.OE-2 
1.8E-2 

- 

- 

R R A 
9.1 E-1 
7.4E-1 
7.OE-1 

- 
1 .OE+O 
1 .OE+O 

1.7E+O 
7.7E-1 

8.9E-1 
1.1 E+O 
l.lE+O - 

A 
8.OE-1 
9.2E-1 
1.2E+O 
1 .l E+O 

1.2E+O 
1 .OE+O 

9.2E-1 

7.5E-1 
7.4E-1 
9.6E-1 

=u (pCUg) . 

8.01 E-01 
=u (pCUg) 
7.51 E-02 

-u (pCUg) 
9.09E-01 
7.39E-01 
6.96E-0 1 
9.97E-0 1 

7.72E-0 1 

8.93E-0 1 

1.02E+00 

1.74E+00 

1 .O5E+OO 
1 .l 1 E+OO 

3.79E-02 
2.5OE-02 
4.40E-02 
-7.61 E-03 
7.38E-02 
1.23E-01 
2.03E-02 
7.01 E-02 
1.83E-02 

9.24E-01 
1.20E+00 
1.07E+00 

1.22E+00 
1.03E+00 

9.1 8E-01 

7.47E-01 
7.44E-01 
9.57E-01 

24 

48 
72 E 96 

R A 
1.2E+l 
1.9E+1 
2.8E+1 
2.3E+1 

1 .OE+l 
1.4E+l 
4.4E+l 
1 SE+1 
6.OE+l 

-1.3E+2 

A 
l.lE+O 
8.OE-1 
5.8E-1 
9.3E-1 
1 .l E+O 

1.7E+O 
1.2E+O 
1.4E+O 
1.2E+O 

6.3E-1 

psuPu 
9.37E-02 
4.1 OE-02 
2.09E-02 
4.1 OE-02 
-8.29E-03 
6.06E-02 
1 .19E-01 
2.72E-02 
9.42E-02 
1.92E-02 

-uPu 
1.14E+00 
8.00E-0 1 
5.82E-01 
9.29E-01 

6.34E-01 
1.1 1 E+OO 

1.68E+00 
1.20E+00 
1.42E+00 
l.l5E+00 



p? .- 1 

0 c _  

0 

- I i. . -  



I 

F 



0 
u! 
c 

0 

h. 



Val 

R 
R 
A 
A 
A 
A 
A 
A 
A 
A 

-uPu 
1.14E+00 

A 

8.OE-2 
6.4E-2 
3.5E-2 
1.9E-2 
2.7E-2 
7.4E-2 
2.2E-2 
3.1 E-2 
O.OE+O 

R 
8.7E-2 

A 

9.OE+O 
4.OE+l 
2.8E+1 

R 
1.3E+l 
1.2E+l 
1 SE+l 
3.7E+l 
6.2E+l 
4.OE+l 

’ Rocky Flats 
Trench 03192 Data 

apth 
(an) 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

apth 
&!&I 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

apul 
lanl 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

- 

- 

- 

- 
Val - 
R 
R 
R 
R 
R 
R 
A 
A 
A 
A 

Val 

R 
R 
R 
R 
R 
R 
A 
A 
A 
A 

- - - 

- 

- 
Val 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

- 

- 
Val 

R 
R 
R 
R 
R 
R 
A 
A 
A 
A 

- 

- 

- 
Val 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

- 

- - 
Val  - 
R 
R 
R 
R 
R 
R 
A 
A 
A 
A 

Val 

R 
R 
R 
R 
R 
R 
A 
A 
A 
A 

- - - 

- 

A R 
2.20E+00 
3.31 E-01 
5.72E-02 
1.02E-02 
1 . 1 3E-02 
1.82E-02 

- A R 
9.8E-1 
8.5E-2 
1 .l E-2 
8.2E-3 
6.1 E-3 
4.OE-3 
3.5E-3 
4.2E-3 

2.5E-3 

- 

9.3E-4 - 

R 
4.4E-1 
2.6E-1 
2.OE-1 
8.1 E-1 
5.4E-1 
2.2E-1 
5.8E-1 
5.2E-1 
1.1E-1 
5.8E-1 

- 

- 

A -Pu (pCUg) 
2.20E+00 

a’Am (pcug) 
9.77E-01 

a ’ A m v P u  
4.44E-01 

3.31 E-01 
5.72E-02 
1.02E-02 
1 .13E-02 
1.82E-02 
5.99E-03 
7.99E-03 
8.52E-03 
4.36E-03 

8.50E-02 
1 .12E-02 
8.24E-03 
6.13E-03 
3.98E-03 
3.48E-03 
4.1 8E-03 
9.30E-04 
2.54E-03 

2.57E-01 
1.96E-01 
8.08E-0 1 
5.42E-0 1 
2.1 9E-0 1 
5.81 E-01 
5.23E-01 
1.09E-01 
5.83E-0 1 

6.OE-3 
8.OE-3 
8.5E-3 
4.4E-3 

A A R 
5.7E-2 
4.8E-2 
3.8E-2 
2.2E-2 
1.4E-2 
3.3E-2 

- A R 
7.46E-0 1 
5.82E-0 1 
5.50E-01 
8.1 3E-0 1 
8.70E-01 
1.30E+00 

-u (pcUg) 
7.46E-01 

R 
6.5E-1 
5.9E-1 
5.9E-1 
6.3E-1 
7.3E-1 
1.2E+O 

- 

=u (pCUg) 
5.69E-02 
4.76E-02 
3.77E-02 
2.22E-02 
1.41 E-02 
3.28E-02 
5.65E-02 
1.06E-02 
1.1 8E-02 
O.OOE+OO 

=u (pCUg) 
6.54E-01 

5.82E-01 
5.50E-01 
8.13E-01 
8.70E-01 
1.30E+00 
5.08E-01 
4.25E-01 
3.31 E-01 
2.64E-01 

5.92E-01 
5.88E-01 
6.29E-01 
7.28E-01 

7.62E-01 
4.78E-0 1 
3.78E-0 1 
3.05E-0 1 

1.20E+00 
5.1E-1 
4.3E-1 
3.3E-1 
2.6E-1 - 

5.7E-2 
1.lE-2 
1.2E-2 
O.OE+O - 

7.6E-1 
4.8E-1 
3.8E-1 
3.1 E-1 - 

A R 
1.14E+00 
9.83E-01 

9.4E-1 
1.3E+O 
1.2E+O 
1.1 E+O 
6.7E-1 
8.9E-1 , 

8.8E-1 
8.7E-1 

V d  

R 
A 
A 
A 
A 
A 
A 
A 
A 
A O.OOE+OO 

- =uPu 
8.7OE-02 
8.04E-02 
6.41 E-02 
3.53E-02 
1.94E-02 
2.73E-02 
7.41 E-02 
2.22E-02 
3.1 2E-02 

-uPu 
1.31 E+Ol 
1.22E+01 
1.46E+01 
3.66E+Ol 
6.1 7E+Ol 
3.96E+01 
8.99E+00 
4.01 E+Ol 
2.81 E+Ol 

9.83E-01 
9.35E-01 
1.29E+00 
1.20E+00 
1.08E+00 
6.67E-01 
8.89E-01 
8.76E-0 1 
8.66E-01 
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Rocky Flats 
Trench 03292 Data 

Depth 
lan) 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

oepth 
(an) 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

Depth 
lanl 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

- 

- - 

- 

- 
Val 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

Val 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

Val 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

- 

- - - 

- - 
- 

- 

- 
Val - 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R - 

- 
Val 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

Val 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

Val 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

- 

- - - 

- - 

- 

A - A R 
2.9E-1 
7.7E-2 
1 SE-2 
6.OE-3 
9.3E-3 
7.1 E-3 
7.2E-3 
1.2E-3 
-2.7E-3 
7.5E-3 

- 

- 

A R 
1.18E+00 
5.1 6E-01 
1.69E-01 
2.91 E-02 
6.85E-03 
1.02E-02 
1.28E-02 
6.20E-02 
9.80E-03 
8.08E-03 

- R 
2.5E-1 
1 SE-1 
8.8E-2 
2.OE-1 

7.OE-1 
5.6E-1 
2.OE-2 
-2.8E-1 
9.3E-1 

R 
7.2E-1 
5.1 E-1 
l.lE+O 
4.8E-1 
1.2E+O 
4.7E-1 
5.9E-1 
6.6E-1 
4.7E-1 
5.1 E-1 

1.4E+O 

-Pu (pCUg) 
1 .18E+00 
5.16E-01 
1.69E-01 
2.91 E-02 
6.85E-03 
1 .O2E-02 
1.28E-02 
6.2OE-02 
9.8OE-03 
8.08E-03 

%'Am ( f lus)  
2.94E-01 
7.69E-02 
1.49E-02 
5.95E-03 
9.25E-03 
7.11E-03 
7.20E-03 
1.24E-03 
-2.71 E-03 
7.51 E-03 

a l A e P u  
2.49E-01 
1.49E-01 
8.82E-02 
2.04E-01 

6.97E-0 1 
5.63E-01 
2.00E-02 
-2.77E-01 
9.29E-01 

1.35E+00 

A A R 
8.1 9E-0 1 
6.51 E-01 
9.39E-01 
6.01 E-01 

5.42E-01 
5.68E-01 
5.54E-01 
5.06E-0 1 
4.49E-01 

1.09E+O0 

R 
4.1 E-2 
5.8E-2 
4.7E-2 
2.OE-2 

-7.7E-2 
1.7E-2 
1 SE-2 
1 BE-2 
4.6E-2 
3.2E-2 

A -u (pCUg) 
8.19E-01 

-u (pCUg) 
4.10E-02 

=u (pCUg) 
7.24E-0 1 

- 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R - 

5.09E-0 1 

4.78E-01 
1.1 3E+00 

l.lSE+OO 
4.67E-01 
5.9OE-01 
6.59E-01 
4.69E-01 
5.1 2E-01 

6.51 E-01 
9.39E-01 
6.01 E-01 

5.42E-0 1 
5.68E-01 
5.54E-01 
5.06E-01 
4.49E-01 

1.09E+00 

5.80E-02 
4.69E-02 
2.04E-02 
7.66E-02 
1 B7E-02 
1.46E-02 
1.61 E-02 
4.6OE-02 
3.1 5E-02 - 

Val  

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

- 

- 

A R A A R 
5.7E-2 
1 .l E-1 
4.2E-2 
4.3E-2 
6.7E-2 
3.6E-2 
2.5E-2 
2.4E-2 
9.8E-2 
6.2E-2 

R 
2.OE+l 
1 .lE+l 
2.OE+l 
2.9E+1 
1.4E+l 
3.2E+l 
3.9E+1 
3.4E+1 

1.4E+1 
l . lE+l 

=UPu 
5.66E-02 
1.14E-01 
4.1 5E-02 
4.27E-02 
6.66E-02 
3.58E-02 
2.47E-02 
2.44E-02 
9.81 E-02 
6.1 5E-02 

-uPu 
1 .13E+00 
1.28E+00 
8.31 E-01 
1.26E+00 . 

9.48E-01 
l.l6E+00 
9.63E-01 
8.41 E-01 

8.77E-01 
1.08E+00 

-uPu 
2.00E+01 
l.l2E+Ol 
2.00E+01 
2.95E+Ol 
1.42E+01 
3.25E+Ol 
3.89E+Ol 
3.44E+01 
1 .lOE+Ol 
1.43E+Ol 

1.28E+00 

1.26E+00 

1.16E+00 

8.31 E-01 

9.48E-01 

9.63E-01 
8.41 E-01 

8.77E-01 
1.08E+00 - 
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x 0 

n 
9 
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Val 

R 
2 4 1 ~ ~ ( ~ ~  A R 

3.86E-0 1 3.9E-1 
R 
R 
R 
R 
R 

1.72E-01 
6.1 9E-02 
7.65E-03 
6.44E-03 
4.40E-03 

Rocky Flats 
Trench 03392 Data - 

Val 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

- 

- - 
Val 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

- 

- 

Depth 
(anl 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

k P W  
lanl 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

- - 

- 

- 
Val 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

- 

- - 
Val 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

- 

- 

' A  R 
1.9E-1 
1.9E-1 
1.8E-1 
8.1 E-2 
2.4E-1 
9.5E-1 

- 

1 SE+O 

1.3E+O 

R 
7.9E-1 
6.9E-1 
6.3E-1 
5.2E-1 
1 .OE+O 
5.9E-1 
6.6E-1 
9.8E-1 
9.2E-1 
6.5E-1 

- - - 

R 
2.05E+00 
8.90E-01 
3.49E-01 
9.49E-02 
2.74E-02 
4.64E-03 
3.1 OE-03 
4.OOE-03 

7.94E-03 
O.OOE+OO 

# ' A V P u  
1.88E-01 
1.93E-01 
1.77E-01 
8.06E-02 
2.35E-01 
9.48E-01 
1.53E+00 

-Pu (pCUg) 
2.05E+00 

1.7E-1 
6.2E-2 
7.7E-3 
6.4E-3 
4.4E-3 

8.90E-01 
3.49E-01 
9.49E-02 
2.74E-02 
4.64E-03 
3.1 OE-03 
4.00E-03 

7.94E-03 
O.OOE+OO 

1.05E-02 I 1.32E+00 - 
Val 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

- 

- 

A A A - R 
1.2E-2 
1 SE-2 
1 .OE-2 
1 BE-2 
2.1 E-2 
4.1 E-2 
2.8E-2 
5.OE-2 
5.2E-2 
2.7E-2 

R 
8.73E-01 
8.45E-01 
6.62E-0 1 
6.03E-01 

7.22E-01 
5.71 E-01 
8.53E-01 
7.41 E-01 
8.1 4E-0 1 

- 

1.43E+00 

=u (pCUg) 
7.88E-01 
6.91 E-01 
6.27E-01 
5.18E-01 

5.86E-01 
6.55E-01 
9.79E-01 
9.18E-01 
6.54E-01 

1.02E+00 

=u (pCUg) 
1.21 E-02 

-u (pCUg) 
8.73E-01 

1 .HE-02 
1.00E-02 

2.OSE-02 
4.09E-02 
2.79E-02 
5.02E-02 
5.22E-02 
2.67E-02 

1 SSE-02 

8.45E-01 
6.62E-01 
6.03E-01 

7.22E-0 1 
5.71 E-01 
8.53E-01 
7.41E-01 
8.14E-01 

1.43E+00 

i 
A V d  A A R 

l.llE+OO 
1.22E+00 
1.06E+00 
1.16E+00 
1.40E+00 
1.23E+00 
8.72E-0 1 
8.71 E-01 
8.07E-01 
1.24E+00 

-uPu 
7.21 E+Ol 
5.49E+Ol 
6.62E+01 
3.89E+01 
6.98E+Ol 
1.77E+Ol 
2.05E+Ol 
1.70E+Ol 
1.42E+Ol 

muPu 
1 .HE-02 
2.23E-02 
1 S9E-02 
2.99E-02 
2.01 E-02 
6.98E-02 
4.26E-02 
5.13E-02 
5.69E-02 
A.08E-02 

-uPu 
l.llE+OO 
1.22E+00 
1.06E+00 
1.16E+00 
1.40E+00 
1.23E+00 
8.72E-01 
8.71 E-01 
8.07E-01 
1.24E+00 

1.6E-2 
3.OE-2 
2.OE-2 
7.OE-2 

5.lE-2 
5.7E-2 
4.1 E-2 

24 
36 
48 
72 
96 R 
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Rocky Flats 
Trench 03492 Data - 

kpul 
(aril 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

k P m  
lan) 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

7 - 

- 

- 
Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- - 
Val 

R 
R 
A 
A 
R 
R 
R 
R 
R 
R 

- 

- - 
Val 

R 
R 
A 
A 
R 
R 
R 
R 
R 
R 

- 

- 

- 
Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Val 

R 
R 
A 
A 
R 
R 
R 
R 
R 
R 

- 

- - - 

- 
m 

Val 

R 
R 
A 
,A 
R 
R 
R 
R 
R 
R - 

- 
Val - 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Yal 

R 
R 
A 
A 
R 
R 
R 
R 
R 
R 

- - - 

- 

A I R  
1.6E+O 
3.3E-1 
1.7E-1 
8.4E-2 
4.OE-2 
1 .OE-2 
1.2E-2 
8.5E-3 
1.8E-3 
O.OE+O - 

R R A 
9.OE-2 
1.8E-1 
2.4E-1 
2.251 
7.7E-2 
7.7E-1 
-1 SE-1 
1.3E+O 
1 .l E+O 

A 
1.4E-1 
5.9E-2 
4.2E-2 
1.8E-2 
3.OE-3 
7.7E-3 
-1.8E-3 
1 .l E-2 
2.OE-3 
6.lE-3 - 

-Pu (pcUg) 
lSQE+OO 
3.28E-01 
1.74E-01 
8.36E-02 
3.95E-02 
1.00E-02 
1 .l 5E-02 
8.55E-03 
1.83E-03 
O.OOE+OO 

%'Am (pcug) - 
1.44E-01 

" A m y P u  
9.05E-02 
1.79E-01 
2.42E-01 
2.21 E-01 
7.71 E-02 
7.73E-01 
-1 S3E-01 
1.28E+00 
1 .l 1 E+OO 

5.86E-02 
4.20E-02 
1.85E-02 
3.05E-03 
7.74E-03 
-1.77E-03 
1 .l OE-02 
2.02E-03 
6.09E-03 

A R 
l.lE+O 
1.2E+O 

- A ' R  - 
3.5E-2 
9.3E-2 

1.6E-1 
5.5E-2 
4.9E-2 
1.7E-2 
7.9E-2 
1.4E-1 - 

A R 
1 .OE+O 
1 .l E+O 

- 

1.1 E+O 
1 .OE+O 
9.9E-1 
7.3E-1 
9.9E-1 
9.9E-1 

R 
3.1 E+l 
1.3E+l 

- - - 

8.8E+O 
2.OE+1 
1.7E+ 1 
3.6E+l 
1.3E+l 
1.2E+l - 

-u (pug) 
1.09E+00 

=u (pcUg) 
3.55E-02 

mu (pcUg) 
1.04E+00 
1.05E+00 
1 .l 1 E+OO 
1.24E+00 
1.1 3E+00 
1 .Ol  E+OO 
9.88E-01 
7.32E-01 
9.88E-01 
9.85E-01 

'1 .17€+00 
1.45E+00 

1.39E+00 
1.1 3E+00 

9.48E-01 

8.29E-01 
5.98E-01 
1.07E+00 
1.67E+00 

9.25E-02 
2.61 E-01 
2.60E-02 
1 S8E-01 
5.54E-02 
4.85E-02 
1.65E-02 
7.93E-02 
1.35E-01 

1.4E+O 
9.5E-1 

2.6E-1 
2.6E-2 

1.1 E+O 
1.2E+O 

1.4E+O 
1 .l E+O 
8.3E-1 
6.OE-1 
l.lE+O 
1.7E+O - - 

A - 
1.3E+O 
7.6E-1 

- 
A - 

2.3E-1 
2.1 E-2 

Depth 
lan) 

0 
3 
6 
9 
18 
24 
36 
48 
72 

- 
Val 

R 
R 
A 
A 
R 
R 
R 
R 
R 
R 

- 

m 

R 
3.4E-2 
8.8E-2 

- 

1.4E-1 
5.5E-2 
4.9E-2 
2.3E-2 
8.OE-2 
1.4E-1 - 

R 
1 .OE+O 
1.1 E+O 

- -UP% 
3.08E+Ol 
1.27E+01 
5.55E+00 
3.64E+01 
8.81 E+OO 
2.03E+Ol 
1.71 E+Ol 
3.62E+01 
1.34E+Ol 
1.24E+Ol 

-uPu 
l.OSE+OO 

=uPu 
3.41 E-02 
8.80E-02 
2.35E-0 1 
2.1 OE-02 
1.40E-01 
5.49E-02 
4.91 E-02 
2.26E-02 
8.03E-02 
1.37E-01 

1.12E+00 
1.30E+00 

1.23E+00 
1.12E+00 

7.63E-01 

8.39E-01 
8.17E-01 
1.08E+00 
1.70E+00 

S.SE+O 
3.6E+l 

1.2E+O 
l.lE+O 
8.4E-1 
8.2E-1 
1 .l E+O 
1.7E+O - 96 - 
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Rocky Flats 
Trench 03592 Data 

A 
2.8E-1 
6.5E-1 
6.6E-2 
3.lE-1 
1.4E-2 
7.OE-3 
5.4E-3 
1 SE-3 
3.1 E-3 
O.OE+O 

Depvl 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

am 
(anl 

0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

(anl 
0 
3 
6 
9 
18 
24 
36 
48 
72 
96 

- - 

- - 

- 

R -Pu (pCUg) 
2.80E-01 R 

R 
A 
R 
R 
R 
R 
R 
R 
R 

6.53E-0 1 
6.6OE-02 
3.08E-01 
1.39E-02 
7.00E-03 . 
5.37E-03 
1.47E-03 
3.06E-03 
O.OOE+OO 

M'AInf-"P~ 
2.01 E-01 
1.18E-01 
2.26E-0 1 
1.09E-01 
5.22E-01 
1.71 E+OO 
8.70E-01 
1.76E+00 
6.1 1 E-01 

- 
Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- - 
- 

- 

A 

2.3E-1 

-u (pCUg) 
1.28E+00 
1.69E+00 
1.38E+00 
1 .17E+00 
9.20E-01 
6.98E-01 
9.04E-01 
8.14E-01 
8.27E-01 
7.16E-01 

R 
2.OE-1 
1.2E-1 

1 .lE-1 
5.2E-1 

8.7E-1 

6.1 E-1 

1.7E+O 

1.8E+O 

-uPu 
1.08E+00 
1.09E+00 
1 .l 1 E+OO 
1 .Ol  E+OO 
1 .13E+00 
1.24E+00 
1.25E+00 
1.08E+00 
1.44E+00 
8.59E-01 

1.7E+O 
1.4E+O 
1.2E+O 
9.2E-1 
7.OE-1 
9.OE-1 
8.1 E-1 
8.3E-1 
7.2E-1 - 
1 .l E+O 
1 .l E+O 
1 .OE+O 
1 .l E+O 
1.2E+O 
1.2E+0 
l.lE+O 
1.4E+O 
8.6E-1 - 

- 
Val 

R 
R 
A 
R 
R 
R 
R 
R 
R 
R 

- 

- - 
Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- - 
Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- 

m'Am (pcug) 
5.64E-02 
7.71 E-02 
1.49E-02 
3.35E-02 
7.26E-03 
1.20E-02 
4.67E-03 
2.58E-03 
1.87E-03 
2.06E-03 

=u (pCUg) 
2.1 9E-02 
1.39E-01 
7.52E-02 
6.29E-02 
2.75E-02 
3.49E-02 
2.85E-02 
3.45E-02 
1.14E-02 
8.40E-03 

=uPu 
1.84E-02 
8.97E-02 
6.06E-02 
5.42E-02 
3.37E-02 
6.1 8E-02 
3.93E-02 . 
4.59E-02 
1.98E-02 
1 .Ol  E-02 

1 SE-2 'I 
R 

5.6E-2 
7.7E-2 

3.4E-2 
7.3E-3 
1.2E-2 
4.7E-3 
2.6E-3 
1.9E-3 
2.1 E-3 

A I R 
2.2E-2 
1.4E-1 
7.5E-2 
6.3E-2 
2.8E-2 
3.5E-2 
2.9E-2 
3.5E-2 
1 ,l E-2 
8.4E-3 - 

A 
1.8E-2 
9.OE-2 
6.1 E-2 
5.4E-2 
3.4E-2 
6.2E-2 
3.9E-2 
4.6E-2 
2.OE-2 
1 .OE-2 

- 

- 

R 

- 
Val 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- - 
V a l  

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

- 

- 

mu (pcUg) 
1.1 9E+00 
1.55E+00 
1.24E+00 
l.l6E+00 
8.17E-01 
5.65E-01 
7.26E-01 
7.52E-0 1 
5.76E-01 
8.34E-01 

-uPu 
5.84E+Ol 
1.22E+Ol 
1.84E+01 
1.86E+01 
3.35E+Ol 
2.00E+Ol 
3.17E+Ol 
2.36E+O 1 
7.25E+01 
8.52E+Ol 

1 

AIR 
1.2E+O 
1.6E+O 
1.2E+O 
1.2E+O 
8.2E-1 
5.7E-1 
7.3E-1 
7.5E-1 
5.8E-1 
8.3E-1 

A 
5.8E+1 
1.2E+1 
1.8E+l 
1.9E+1 
3.3E+1 
2.OE+l 
3.2E+1 
2.4E+1 
7.3E+1 
8.5E+l - 

R 
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- 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
@A 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

- - - 

- 

- 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
PA 
- 
- - 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V - 
P A  - - 
tl 
V 
V 
V 
V 
V 
24 
V 
V 
V 

P A  
- - 

- 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
PA 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
PA 

- - - 

- 
- 

- 
96 
ZL 
8P 
9C 
PZ 
8C 
6 
9 
E 
0 
0 

96 
ZL 
8P 
9E 
PZ 
8C 
6 
9 
E 
0 

-Fa= 
rlldaa 

96 
ZL 
8P 
9E 
PZ 
8C 
6 
9 
E 
0 

- 

- - 

e 

0+3E'E 
C+3P'Z 
C+3E'C 
L+39'L 
C+3E'Z 
C+38'9 
C+3L'S 
C+38'Z 
C+38'Z 
C+38'C 

W 
- 

LO-3ZE.6 
00+30 C' C 
00+3L 0' 1 
00+3ZC' C 
LO-3EL.8 
CO-3 CS'6 
00+390' C 
CO-3LV6 
CO-36E.6 
CO-3P26 

noalncarm 

00+3LZ'€ 
L0+38E'Z 
C0+3 LE' C 
C0+3LS' C 
C0+3pE'Z 
C0+39L'9 
LO+380S 
C0+3Z8'Z 
LO+3W'Z 
C0+3 L8' C 

ndn,, 

C-38'Z 
Z-399 
2-31'8 
1-3 C'L 
Z-3L'E 
Z-3P' C 
1-36. C 
Z-39.6 
ZPE'E 
2-3 C'S 

W 
- 

LO-3SO'Z 
ZO-309'P 
Z0-30Z'8 
ZO-360'L 
ZO-3EL'E 
20-3 CP' C 
20-398' C 
ZO-39E'E 
ZO-30E'E 
20-3 1 L'S 
noednm 

C-3E.6 
0+3 C ' C  
0+3 C ' C  
0+3 C' 1 
C-3L.8 
C-3.6 
0+3 C' C 
C-3S.6 
C-3P.6 
C-3Z.6 

W 
- 

u - 
0+3Z' C 
0+3P' C 
C-36'6 
0+3C'C 
0+3E' 1 
0+3Z'C 
0+3S' C 
0+3L' C 
0+3 C'Z 
0+3 L' C 

W 
- 

- 
C-39'E 
z-3s-9 
2-32'8 
Z-3L'L 
Z36'P 
Z-3L' C 
z-3L'Z 
Z-3L'S 
2-3 L'L 
Z-3S.8 

W 

00+3SZ' C 
00+3zP' C 
10-3S6'6 
00+360' C 
00+3 LE' C 
00+3L C '  C 
00+3SP' C 
00+30L' c 
00+3s C'Z 

CO-3SS'E 
Z0-3VS9 
20-39 1'8 
20-3 CL'L 
ZO-306'P 
ZO-3S9' C 
ZO-30L'Z 
ZO-3OL'S 
ZO-360'L - 

ZO-39V8 
(6fls4 nsa 

0+3z-c 
0+39 1 
0+3 C' C 
0+3z C 
0+3 L' L 
0+3 1' C 
0+3S' L 
0+39' C 
0+30'Z 
0+3S'L 

W 
- 

00+39 L' C 
00+39S' c 
00+3LO' C 
00+3 CZ' C 
00+3s C' 1 
00+3ZC' C 
00+3ES' C 
00+3 C9' C 
00+3ZO'Z 

- 00+3ES'C 
(sfid) nrouoa - 

E-39'2 
t-39'9 
E-30' C 
E-3 C'L 
E-3L - C 
Z-3L'C 
ZQL' L 
Z-30'E 
C-3 C. C 
L-3E' C 

W 

C-3L'Z 

C-36' C 

CO-399.1 
CO-3L9' C 

603p8'6 
EO-36.8 
00+300'0 
z0-399 c 
E0-3W'Z 
CO-360' C 
20-38 C'6 
LO-3P 1.6 
L0-3P8'P 

tl 
V 
V 
V 
V 
V 

EO-329.2 
w-3 L9'9 
EO-320' c 
EO-380'L 
E0-30L' C 
10-380' C 
ZO-3SL' c 
ZO-3EO'E 
L 0-32 L - L 

E-38'6 

2-32'6 

C-303 
0+30'0 
2-39. c 
E-3P'Z 
C-3 C '  C 

C-3 C*E 
L-383 
C-30'9 

W 

C-3L'C 

C-3E'P 
C-36'9 
2-36'6 

Z-3L.6 
C-3E'Z 
L-3 C'Z 

W 

C 0-3EE.P 
CO-3S6'9 
20-326'6 
10-306' C 
Z0-3L9'6 
CO-3 CE'Z 
CO-39 C'Z 

ndoweotlurw,a u 
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Claoaif icat ion and Minera logy of Sollo 

CLOSEST SERIES 

PIT ,MAPUNIT POSITION EPIPEDON HORIZON OISCONTINUITILS CLAV MMERALOGV CLASS ClASSfflCATlON CUSSffICAl?ON 

27 Standly-Nunn Summit Monic Argillic 38 d 80 a smsctitic Uyy.dtslotd U y y - d t d o t d  o v n  Vdmont (dyy  OVY 

LANDSCAPE SUBSURFACE PARTICLE SIZE -ON AND 
REMAWS 

Cdcic (montmorloniticl ovu  randy- s ~ s k d e t d .  mixod. lorny-skd*td, 
okdrtd modc Aridic Argiustoll m t m a l d t i c ,  

mrdc Aridic 
Argiuatdlrl 

28 Denvor-Kutch Eockdopr Mollic 

29 LaydenPlimn Eockdopo Mollic 
Slmdley 

30 Englewood Toedopo Mollic 

31 Stmdly-Nunn S-t MoUic 

3 2  Stmdly.Nunn Sumnit Mollic 

33 Nunn sunmil Mollic 

34 Hevuron Toeslop* Mollic 

35 McCIsvs Toellop. Mollic 

Argillic 

C h i c  

C h i c  

Argillic 

Argillic 
Cdcic 

Argillic 

Argillic 

C d i c  

10 cm muctitic 
(montmaloniticl 

15udl00a m i X d  

38 ond 15 cm d X . d  

Fino Fins. mtmot iUh t i c .  Nunn V d m t  (Cis. The cdoc of Ap horhon is lOyR 
112 I d y l  r s th r  thm 1 OYR OIZ. mooic Typic mmtmainonitic. 

Argiegudl mosic Aquic n dsscribod 
Argiuatdlr) Tho Ap horizon has 1 .BE% O.C. 

F i n s h r r y  Fmin,losmy. Mazano I fi.-lorny. 
miX.d. mixd. 
modc Aridic msric Cumulic 
Hsplurtdl HqlurtoOrl 

41 ond 101 a smoctitic ayy-dtdstd a y y . d t d r t d ,  S t d r y  I t is .  
(montmorillonitic1 mmtmalonitic. montmodllonitic, 

modc Aridic Argiustotl mode Aridic 
Argiustdlsl 

7 u n  

28 cm 

Nono 

S t u d y  (fir. unwtitic Cly.y-rkl(otd Uyy -okdo td  , 
montmalonitic. tmontmorilloniticl montmorillonitic. masic AIUC 

momc Pschic 
Argiurtd Argiustdo I 

smoctitic Fino 
(montmaillonitic) 

Fino. S t u d y  Ifme. 
montmorillonitic. montmorillonitic. 
nuuc Pochic modc Aiidic 
AIgiustdl Argiurtdlr I 

smsctitic Fins Fin.. montmorillonitic. Englowood I fino. 
(montmotilloniticl nusic Totrortic montmorlmitic. 

msric Torrntic 
Argiurtdlrl 

Argiurtoll 

18. 43. (10. 74 cm mixod Lorny-dtdrtd Lorny-rkelotd. Hsvuson ((im.-lorny. 
mixed (cdcrswr l .  miXod. 

meric Torrifluvontic rmsic Vatic 
Haphratdl Torrifluvmtrl 

4 
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Clarslficetlon end Mlnerslogy of Sollo 

CLOSEST SauEs 
LANDSCAPE SUBSURFACE PAAllCLE SUE PEOON AND 

pn MAP UNIT POSITION EPIPEDON HORUON DISCONTINUTIES CUI MINERALWV CLASS CUSSDICATION CLASSCICATION REMARKS 

LobrrcL Ifmr. 
mOntmotiUdtiC. 
m l i c  P d c  
Haplurtdlsl 

No rgillic Umtifiod b r c u s r  thh 
podon did not h&r r significml 
l i m d y  lnarrrr with drpch. 
Arrunwr thrt 10 YR 6I4 cdwr  
r r  dry cda r .  

30 Dsnvsr.Kutch Fbotrlopr Mollic C d c  7, 62. 91 a 
calcic 

Altnnrtivr Podon 1381 
Clsrsificrtlon f a  Pu t  2 

7. 24. 82 a 

51 a 

Fin. Fmr. 
. montmariWdtlc. 

m r i c  Typic 
calciustdl 

Footrlopr 3? Nunn Mdlic Argillic rmrctitic 
(montmaillonitic) 

Fill. Fin.. 
mOntmwiaonitic. 
rmric PrcMc 
Argiurtd 

Nunn lfimq 
mntmotiUdtic. 
nwdc Aridic 
Argiurtdlrl 

38 

39 

Ochric Argillic 43. 00. 81 a 
CJCiC 

mr.d Fmrlorrry o v a  F m r l o m y  o v a  
d w y  IrkJrtrD dyy. n i x d .  

rmdc Aridic 
Hgkrrtdf 

Thar Ir no fimdorrry ova 
dyy-mkdstal p r t i d r  dir dnr 
0ffiCirl)Y rrocognizod. ro wr usd 
Ihr dorrrt p r t i d r  j l r  dnr 

Mollic ArgiWic 101 Cm 

CJcic 
smrctitic 
Imontmorillonitisl 

Fms Fmr. montmotiWadtic. 
m s i c  Tarntic 
Argiustd 

40 Mollic Argillic 
calcic 

nird Fmdorrry Fmo-loany. m x d .  
m u c  A ~ i i c  
Argirntd 



tc Very 
cm 94 Total Coarse K Coarse X Medium X Flne % Very Flne % Total 

0-8 A 51.3 12 0 8.9 8.9 11.8 6.7 48.2 

7-38 BI 39.7 5.3 5.5 7.6 8.9 4.9 32.2 

38-80 2Bk 65.2 17.2 15.3 21.5 12.1 2.4 68.5 

80-1 10 3BC 58.5 25.7 30.9 20.5 6.2 0.9 84.2 

cm 

0-8 

7-38 

36-80 

80-1 10 

X Coarse K Flne X Total K Coarse % Flne K Total 

18.9 14.7 33.6 9.9 8.4 18.3 

12.1 6.8 18.9 21.3 27.6 40.9 

4.6 4.4 9.0 15.8 6.7 22.5 

1.9 1 .5 3.4 6.6 5.8 12.4 

CaCO, 
Speclllc 
Surface 

Exchangeable Baser 

A 

Bt 

2Bk 

3BC 

. 0.0 4.9 4.8 62 2.72 

0.0 7.0 6.7 296 1.70 

17.7 8.0 7.6 128 0.50 

5.2 8.1 7.6 71 0.26 

b . . 
" Not determlmd due to presence of free carbonater 

Not determined d w  to Inrufficknl remple she 

29.8 9.20 1 .w 0.93 0.08 

18.2 27.73 2.88 1.38 0.10 

12.4 

23.5 

n .b H bb 

bb bb n 

Free Sesqutoxtdes (Dlthlonlte Extractable) Clay Mineralogy 
Hydroxy- 

0-8 A 

7-30 BI 

38-00 2Bk 

80-110 3BC 

7128 297 1104 790 

9164 185 1454 753 

4343 83 488 467 

3073 81 423 413 

50 

47 

62 

63 

24 9 

24 14 

19 12 

18 13 

6 3 

3 12 

3 4 

4 2 



. . .  

KCoarro WFlne 

10.2 11.8 

18.8 24.8 

28.8 18.9 

30.4 17.7 

Pit 28 

%Total 

21 .8 

41.4 

48.5 

48.1 

IL Very 
cm %Total C o m e  XCoarrr %Medium %Fino XVeryFlna %Total 

0-10 A 8.1 8.2 4.8 6.2 11.7 10.4 39.4 

10.42 2811 0.6 0.7 0.7 2.8 8.4 8.8 21.0 

42-104 2812 0.4 0.7 0.7 1 .o 4.0 5.8 12.0 

104-111 2813 0.6 0.9 0.8 1.1 5.0 5.0 12.8 

I 

WCoarrr XFlnr %Total 

22.3 18.5 38.8 

182 18.4 37.8 

15.8 23.8 39.5 

13.8 25.5 39.1 

Exchanaeablo Barer 

0-10 A I )  0.0 8.7 8.1 1.47 89 2.0 

10.42 2811 0.0 8.8 8.3 1.73 213 1.3 

42-104 2812 

104-111 2813 

3.5 8.1 1.7 1 .Bo 250 1 .o 
6.1 7.8 7.7 1 .E9 230 0.8 

*. Not detennlned due to prasence d frm carbonrkr 
Not detennlnd duo to lnrufkbnt aampk akr 

17.0 10.78 2.85 1.14, 0.18 

28.1 18.89 4.83 1.12 0.42 .. .. .* . .. 33.3 

31.4 .. .. .. .. 

Free Serquioxlder (Dlthlonite Extractable) Clay Mineralogy 
Hydroxy- 

Depth Horlton Fa Mn AI SI Smectits Vermkulite Clay m l u  Kaollnlte Interlayered FazO, Quartz 
cm . . . . . . . . - - . . - .~ /grol l - . . . . . - - . - . - - .  ---.-.*.-.*--..--.*--...---..-..-%..**..-.---......-----.*...-.....*. 

0-10 A 6986 284 800 1081 

10-42 28t 1 7438 255 748 857 

42-104 2812 I 6798 267 687 1101 

104-111 2813 7921 248 551 1002 

58 22 14 

68 18 11 

68 Trecr 20 8 

63 18 13 

5 1 

3 2 

2 4 

2 3 



Pit 29 

- 
%Total 

' 18.2 

20.0 

38.2 

39.1 

32.8 

11.4 

Depth 

cm 

0-7.5 

7.5 15 

15-28 

26-41 

41-100 

100-119 

XCoarro %Fine %Total XCoarrm %Fine XT0t.l 

20.7 20.1 18.8 38.7 22.4 ' 43.1 

14.2 20.7 34.9 28.8 18.5 45.1 

22.2 18.0 38.2 11.0 12.8 23.8 

19.9 10.4 30.3 12.0 18.8 30.8 

23.2 18.3 39.5 17.7 10.3 28.0 

21.7 25.8 47.5 29.4 11.7 41.1 

ParUcle Slze 

>2mm 
Rock 

Horizon Fragmenta Sand 
x very 

% Total Coarre % Coarre % Medium $4 Fine % Very Fine 

A 0.8 1 .o 1.1 2.4 7.8 8.1 
B w l  0.8 0.7 1.8 3.2 8.3 8.0 , 

28w2 3.5 1.3 1.3 2.7 17.5 15.4 
28w3 0.2 0.2 0.2 0.7 18.2 21.8 
3Bw4 0.0 0.2 0.1 0.5 13.2 18.8 
38w6 0.0 0.1 0.2 0.4 2.1 8.8 

cm 

0-7.5 

7.5-15 

15-28 

26-41 

41-100 

100-119 

A 

B w l  

2Bw2 

2Bw3 

3Bw4 

3Bw6 

0.0 8.8 8.5 194 
3.4 7.8 7.4 1.70 218 

4.0 7.8 7.2 1.37 94 

2.5 7.8 7.5 1.70 148 
7.9 8.2 7.8 1.59 121 

8.2 8.1 7.7 1 .eo 187 

*' Not delennlned due to presence dfoo carbonates 
Not delennlned duo to lnrunicienl aample rke 

Free Scrquloxider (Dithlonlle Extractable) 

2.5 

1.3 

1.4 

0.9 

0.5 

0.3 

29.8 21.08 4.71 1.07 0.07 
30.9 

17.7 

22.1 

18.9 

28.9 

.. .. .. .. .. .. .. .. .. .. .. .. .. a. .. .. .. .. .. .. 

0-7.5 A 

7.515 B w l  

15-28 2Bw2 

26-41 2Bw3 

41-100 3Bw4 

100-119 3Bw6 

7702 208 608 1183 

81 29 243 722 1013 

7288 244 555 877 

8360 134 710 821 

10053 '1 78 81 1 879 

13510 213 548 954 

65 18 

59 20 

57 21 

51 17 

53 Tnce 17 

58 Trace 19 

12 3 .  
16 3 

18 4 

19 4 

20 Trace 5 

'14 5 

3 

5 

4 

8 



:. , 

... 

X Very 
cm X Total Coarre X Coarro X Medlum X Flne X Very Flne 

0.10 A 0.1 0.7 0.4 0.8 4.4 7.7 

10-38 Bwl 0.0 0.7 0.4 1 .o 5.3 6.7 

38-48 2Bw2 27.3 10.1 s. 1 7.0 11.2 6.1 

48-75 2Bw3 10.3 4.8 4.5 7.8 17.6 10.5 

75-110 3Bw4 4.2 2.5 2.0 2.0 7.4 7 .O 

Pit 30 

X Total 

14.0 

14.1 

45.0 

45.2 

22.7 

Partlcle Sire 

>2mm <2mm 

XCoarro XFlno 

22.2 24.8, 

23.6 24.0 

13.8 14.7 

15.6 13.8 

18.6 17.6 

%Total 

47.0 

47.6 

28.6 

29.4 

342 

COCO, 
Speclflc 
Surface 

Clay 

XCoarro %Fino 

10.3 10.7 

I 7 2  21.1 

12.4 14.0 

11.2 14.2 

21.8 21.2 

X total 

26.4' 

25.4 

43.0 

Exchangeablo Barer 

0-10 A 1.6 7.6 7.3 1.54 104 2.5 

10-38 Bwl 2.2 7.7 7.4 1.73 1 89 1 2 

38-48 2Bw2 2.7 8.0 7.5 1.70 124 0.7 

40-75 2Bw3 3.7 8.1 7.6 1.72 125 0.5 

.. .. .. .. 31.7 

27.1 
10.3 

17.2 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 75-110 3Bw4 2 .o 8.0 7.6 1.80 238 0.0 27.0 

** Not detmlned duo to prosrnce d free carbonates 
Not delermlned duo to lnsulticlent sample sit0 

Clay Mineralogy Free Serquloxider (Dlthlonlte Extractable) 
1 

Hydroxy- . 
Depth Horlron Fa Mn AI SI Smectke Vermicu~~to Cky  mlcr tbollnlte htedayored Foro, Quartz 

cm 

0-10 

10-38 

3848 

48-75 

75-1 10 

.-.-....-...-.M/g#oil.........--... *.-...-....-.....**-**.-......-.-~..****-.-.-..-..-.....-*-..~..~.... 
A 4967 193 491 1383 60 20 14 2 4 

Bwl 6203 209 552 1357 81 l o  13 2 4 

2Bw3 8364 105 540 81 1 60 18 15 5 3 

3Bw4 j 7275 219 830 877 64 21 10 2 2 

2Bw2 7328 197 436 1034 55 10 16 4 6 



Pit 31 . 

- XCoarre %Fine %Total 

17.0 17.8 34.9 
13.3 11.0 303 
5.0 5.2 10.2 
2.8 5.8 8.2 

CaCO, 

% Very 
cm X Total Coarse X Coarse X Medlum X Flne % Very Flne 

0.12 A 54.4 13.4 9.2 7.7 10.2 8.9 
12-47 Bt 1 37.6 4.4 3.5 3.8 8.7 4.7 
47-107 2812 62 5 14.8 13.8 11.7 8.3 2.8 
107-120 28C 47.5 30.2 25.9 14.8 8.8 1.3 

Speclflc 
Surface 

X Tobl 

47.4 
23.1 
51 .0 

78.9 

%CON#. XFlne 

9.8 8.1 
14.8 32 .0 

7.9 30.9 
7.8 5.1 

%Total 

17.7 
48 4 

38.8 
12.9 

Exchsnreable Barer 

0.12 A 

12-47 Bll . 
47-107 2Bt2 
107-120 2BC 

I 

0.0 5.9 5.4 1.23 87 . 0.0 8.8 8.1 254 
0.0 8.7 8.1 275 
13.4 8.1 7.5 64 

. 
-.. . . 

2.5 
1.2 
0.9 
0.3 

. .  
15.2 8.68 1 .sB 0.85 , 0.08 
29.4 21.00 3.90 1.29 0.1 1 
27.5 17.10 4.88 1,s 0.09 
13.2 .. .. .. .. 

** Not determined due to presence d Coo carbonates 
Not determlned due to buffklent sample rbe 

0.12 A 

12-47 e1 1 
47-107 2812 
107-120 2BC 

7379 338 868 

10509 292 1339 , 

9704 123 1548 
3858 71 . 427 

550 
708 

612 
417 

50 

63 
65 

63 

27 10 
24 7 
21. 8 

19 11 

6 7 

3 3 
4 2 
4 3 

10 



.. .. 
' L  

I 

Xcoarre WFlm %To@( 

' 14.7 18.8 33.5 

4.1 8.8 12.7 

3.4 52  8.6 

Plt 32 

%Coarse %Flm %Total 

8.4 1.6 11.0 

18.0 8.1 27.1 

14.0 40.3 54.3 

Particle She 

.2mm a2mm 
Rock 

0-7 A 29.1 14.2 13.0 8.8 8.0 4.4 

r - a  201 ' 43.8 10.8 11.4 7.6 5.2 2.1 

64-110 2Blk , 49.8 18.4 17.8 13.8 8.1 2.1 

49.5 

37.1 

60.2 

CaCO, 
S ~ i k  
Surface 

ExctuneeaMe Bares 

0-7 A 0.0 --- 4.8 4.7 63 2 .8 

7-64 201 0.0 6.1 5.1 338 1.2 

64-110 20tk 21.6 7.8 7.5 1 .85 132 0.6 

. 
'* Not delemlnod due to presence d hoo carbondm 

No1 determined duo to InsumClent sample rlro 

15.1 7.57 

33.4 21.11 

18.9 .. 
i 3 7  1.28 0.05 

3.87 1.47 , 0.08 .. .. .. 

Free Sesquloxlder (Dithlonlle Extractable) Clay Mlnerrlogy 
Hydroxy- 

Depth Horizon Fe Mn AI SI SmecUle Vermiculite Clay m k r  Kaolinite lnlcrlryerod Fo$, QU8r(t 
em ...--.....---.~/g$all--............ *...-..............*-----..-....*X....-.......*.....-......-.-*-..-.. 

0-7 A 7520 289 1289 637 

7-64 201 11202 iro 1958 708 

64-110 2Btk 5212 90 813 469 

55 

62 

59 

23 11 

25 8 

22 13 

6 5 

3 2 
3 3 



Pit 33 

% Very 
cm X Total Coarse X Coarro %.Medium % Flne X Very Flne 

012 A 19.4 15.7 16.0 7.9 0.7 3.6 
12-29 Bt 1 50.5 30.4 10.5 5.4 4.5 1.9 
29-82 2812 6.7 4.4 5.4 5.0 7.3 3.4 

82-110 2013 18.4 5.3 5.6 4.7 5.7 3.3 

% Total 

51.9 

52.7 

25.4 
24.6 

CaCO, Surface 

Silt 

XCoarso %Fine 

11.8 15.6 

3.5 10.5 

10.0 18.3 

11.5 19.0 

X lob1 

27.4 

14.0 

29.3 
31.1 

Clry 

KCorrsr KFlm 

10.3 10.4 

8.7 24.6 

182 273 
30.6 5.7 

x lob1 

20.7 

33.3 
45.4 

44.3 

Exchangeable Bares 

0-1 2 A 

12-29 Bt 1 
29-82 2812 
82-1.lO 2813 

4.3 7.2 6.9 7s 3.9 

0.0 7.0 0.6 189 1 .5 
0.0 6.8 6.0 1.79 268 0.9 
5.5 7.8 7.7 1.62 275 0.8 

Not determined d w  to presence of frm cabonatas 
Not detemlned duo to Insulllcienl sample sko 

18.8 15.69 3.12 1.92, 0.17 
25.3 15.94 4.40 1.57 0.60 

31.3 22.84 5.30 1.10 0.W ... .. .. .. 36.1 

0-12 A 

12-29 Bt 1 

29-82 2812 

5858 255 760 773 
6888 200 91 5 681 

7914 291 1272 625 

61 

60. 
65 

18 11 
27 7 
25 7 

4 6 
3 3 

2 2 

82-llb 2Bt3 4058 72 895 618 6 4 '  26 7 1 1 

12 



. .! 

%dOtJl 

34.3 

28.0 

314 

31.2 

30.5 

Pit 34 

KCorrSr KFlne KT0t.l 

11.0 12.8 23.8 

12.4 33.9 46.3 

13.1 21.2 34.3 

15.0 14.3 30.2 

17.0 104 28.7 

Rock 
Depth tiorlion Fragments SJnd 

36 Very 
cm K Total Coarrr K Coarse K Medlum K flnr K Very Fln 

0-14 A 21.1 5.5 4.3 7.7 14.5 0.9 

14-56 Bt 2.2 3.2 3.8 4.5 8.1 5.2 

56-96 pad 2 C' 9.1 3.6 3 .9 8.3 12.7 7.7 

56-90 pad 1 Btk 21.8 8.5 6.6 8.5 10.4 6.6 

96110 B 13.4 4.1 4.0 7,s 15.3 8.9 

% TdJl 

41.9 

24.8 

34.2 

38.6 
40.8 

sin 

%Coarse KFlne 

18.8 15.5 

15.0 13.9 

15.0 16.5 

14.2 17.0 

18.1 14.4 

0-14 A 

14-56 81' 

56-96 pad 2 Bt 

56-96 pad 1 Btk 

06-110 B 

0.0 6.0 6.7 1.48 85 2.2 

0.0 6.8 6.4 1 .M 282 1.1 

1.6 7.0 7.5 1.79 , 201 0.7 

3 .O 8.0 . 7.7 1.70 171 0.6 

3.2 8.0 7.7 1.81 156 0.4 

'* Not deledned due lo presence d free cprbonolea 
Nd determined dw to bsumcknl sample &e 

18.4 11.16 3.03 1.21 0.06 

29.2 20.07 7.80 1.14 0.14 

26.8 

22.6 

21.3 

N .. .. " 
N .. .. N 

N .. " " 

0-14 A i  8602 353 813 606 54 26 10 

14-56 Bt lo501 294 1053 857 

56-96 pad 2 Bt 8780 334 110 65 1 

56-98 pad 1 Etk 8407 254 712 517 

96-110 B 8483 302 603 517 

63 

65 

65 

67 

23 8 

20 8 

18 10 

16 10 

5 4 
3 3 

4 3 

4 3 

4 4 



Depth 

cm 

0-8 

619 

19-43 

43-60 

60-74 

74-1 10 

.h Very 
X Total Coarse X Coarse X Medium X Flne X Very Flne 

A 0.1 1.8 1.9 3.0 8.0 5.1 

B w l  0.4 2.2 2.4 4.2 9.5 8.5 

2Bw2 37.3 18.8 11.8 8.3 10.1 4.8 

3Bw3 43.7 18.8 19.4 18.0 - 12.8 3.2 
4Bw4 14.8 2.7 7.4 ' 12.3 20.5 8.4 

6Bw6 52.5 18.3 22.4 18.5 10.9 3.7 

Pit 36 

X Total 

17.8 

24.8 

51.4 

70.2 

49.3 

71.7 

/ 
Particle Site 

>2mm <2mm 

CaCOa 
spacinc 
Surfaco 

Silt 

X Coarse X Fine 

23.3 27.3 

21.5 23.2 

10.8 12.4 

7.5 8.7 
12.9 12.4 

8.5 5.5 

X Total 

50.8 

44.7 

23.2 

14.2 

25.3 

11.9 

Clay 

X Coarre X Fine 

20.0 11.6 

17.5 13.0 

10.8 14.8 

8.4 9.2 

10.8 14.8 

8.4 10.1 

X Total 

31.8 

30.5 

25.4 

15.8 

25.4 

18.5 

Exchangeable Bases 

cm 

0-8 

e19 

19-43 

43-60 

60-74 

74-1 10 

A 

B w l  

2Bw2 

3Bw3 

4Bw4 

SEWS 

0.0 8.9 8.8 144 
1.8 7.1 8.8 1.57 148 

3.0 ' 8.0 7.5 147 

2.2 8.3 7.8 1.69 89 

2.8 8.3 7.7 1.77 145 

2.7 8.3 7.8 1.72 103 

** No1 determined duo to prmnco d he. carbonates 
N d  determined due to lnsuffkknl sample size 

Free Serquloxldcr (Dlthionite Extractable) 

5.0 28.9 21.12 5.99 2.33 0.31 

2.5 23.7 18.34 5.02 1.70 0.49 .. .. .. .. 1.2 20.8 ' 

0.5 15.8 

1 .o 21.2 

0.4 13.0 

.. .. .. .. .. .. .. .. .. .. .. .. 
. 

Clay Mineralogy 
Hydroxy- 

0-8 A 

619 Bw 1 

19-43 2Bw2 

43-60 3Bw3 

60-74 4Bw4 

74-110 6Bw6 

6778 385 55 1 1135 

6872 308 494 1173 

6748 181 652 803 
6751 114 485 594 

7709 223 708 688 
7950 123 512 878 

58 
60 
81 

58 

65 

63 

22 13 

23 11 

23 10 

25 10 

21 8 

20 ' 8  

3 4 

3 3 

4 3 
8 3 
4 3 

7 2 

I 14 



..: .:* . ... 

... . 

cm I %Total Corrro KCoarro KMedlum Kflnr K V e r y f l m  

0-6 A 16.1 7.1 8.7 10.5 15.0 1.3 

7-24 2Bwl 25.1 8.2 6.0 1.2 11.0 4.6 

24-52 spll part 1 I 2Bk 10.6 3.8 4.0 7.0 10.5 4.3 

21-52 spin pad 2 2 ~ ~ 2  10.6 23.0 14.1 0.3 1.1 2.4 

52-92 3Bk2 0.2 0.4 1 A 4.0 13.6 5.7 

92-112 4Bw4 41.5 11.1 9.6 11.9 15.2 6 .o 

I 

Pit 38 

%Total 

48.6 

38.0 
29.7 

66.6 

26.0 

62.7 

Parllcle Skr  

*2mm <2mm 
Rock 

Horlron Fragments Sand Clay 
K v m  I I'I I 

Depth 

KCorru Kflnr 

16.1 10.4 

0.3 10.1 

0.0 13.0 

6.8 12 

10.1 183 

8.0 10.4 

K low 
28.6 

10.4 

a .O 

12.8 

28.3 , 

19.3 

K 5 r r o  KAnr 

(2.0 12.8 

36.6 , 7.2 

40.5 1.8 

24.8 5.6 

38.6 7.1 

19.6 8.4 

K TOW 

24 9 

43.7 
48.3 
30.4 

45.7 

28.0 

spccm 
Surlacr 

Uchmgeable Barer 

0-6 A 

1-24 2Bwl 

24-52 splH pad 1 2Bk ' 

24-52 splH pad 2 2Bw2 

52-92 3Elk2 

. 0.0 6.7 , 6.6 124 2 1) 

5.1 1.4 7.1 1.44 266 1.0 

38.4 8.0 ' 7.6 147 09 

4.6. 1.8 1.4 225 1.4 

43.3 8:l 1.1 117 0.6 

. . . 

21.6 18.48 2.50 0.97 0.08 

31 2 
19.0 

212 

16.3 

I I " I .. I " .. 
I I " 08 

I I " I 

I " I I 92-112 4Bw4 16.0 8.1 7.1 1 *88 126 0.4 15.4 

No( delermlnad dw lo presence d free cafbonales 
Not ddennbmd due lo hmUmcient rampla rbe 

Depth 
cm 

0-6 

1-24 

24-52 spll pad 1 

24-52 split pad 2 

52-92 

' 92-112 

A 

2Bwl 

2Bk j 

2Bw2 

3Bk2 

7659 233 816 131 

9589 151 1164 588 

4964 87 653 252 

8814 148 985 413 

4172 62 300 251 

sa 
64 

59 

65 

55 

23 11 

20 10 

6 4 

3 2 

18 18 Trace 1 2 

20 0 4 3 
16 24 TloCe 1 3 

4Bw4 7110 122 489 381 64 16 13 Tloce 4 3 

, 



Pit 37 

m Very 
cm %Tot91 COarIe %COarrO %Mdlum %Fine %VeryFlna %Total XCogrr. )(Fh. KTot.1 

0-8 A 0.6 1 .5 2.4 6.1 18.0 10.1 36.1 19.3 13.0 32.3 

8-25 Bt 1 6.8 1.9 3.0 8.6 15.7 8.6 35.8 14.2 11.7 25.9 

2551 Et 2 2.9 2.3 2.3 5.1 13.2 7.7 30.6 14.8 14.3 29.1 

5142 2013 0.5 0.9 1 .o 2.4 5.4 8.9 18.6 18.5 21.1 39.6 

82-120 2814 0.5 0 5  1 .o 2.6 8.8 5.0 17.9 18.1 20.2 38.3 

X C m r r e  %Fine %fob1 

16.0 15.6 31.6 

27.7 10.6 38.3 

28.0 12.3 40.3 

30.4 11.4 41.8 

32.2 . 11.6 43.8 

Specific Exchmgeablo Barer 
CaCO, Surfac. 

Depth Horlzon EQUN pH Bulk Denrlly Area oc CEC CB Mg K '  Na 
cm x H P  CaCll Mgld  m'h % ...-...--......-.maq1100gr~-.--.---.-.--.--. .. .. .. 4. 0-8 A 2.5 7.7 7.4 174 3.0 23.1 

8-25 Bt 1 3.4 8.0 7.5 1.80 254 0.9 25.2 

2151 Bt2 11.3 8.3 7.8 I 1.73 210 0.6 23.4 

.. .. .. .. .. ... .. .. 
51-82 2013 

82-120 2Bt4 

.. 9.8 8.4 7.9 1.74 240 0.2 28.6 
5.7 8.2 7.9 1.57 191 0.7 22.3 .. 

** Not detrrmtnod duo to prosonco d froa carbonates 
Not determtned due to hrullklenl sample sho 

H .. .. .. .. .. 

Free Serquloxlder (Dlthlonlte Extractable) Clay Mlncrabgy 
Hydroxy- 

Depth Horlzon Fe Mn Al SI SmecUb Vermlcullto Clay m l u  Kaolinlto Intefl8yered F+O, Quartz 
cm .............. pg /g roil .............. -.--....--.-.-...-....--....*-.--m..-.....................--.......-. 

oa A 

8-25 Bt 1 

25-51 Bt 2 

51-02 2Bt3 

82-120 2814 

5887 272 492 777 

6302 195 610 523 

6020 195 553 565 . 
64 39 227 500 588 

6561 251 440 649 

60 
67 

69 

66 

83 

25 B 
21 7 

18 B 
22 7 

25 8 

3 3 

2 2 

2 1 

2 2 

2 2 

16 
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Rocky Flats Environmental Technology Site 
Draft R F m I  Operable Unit 3 

Appendix I contains maps showing the concentrations and activities of selected metals and radionuclides 
at each sampling location for sediments (grab samples only) and surface water. These maps were used 
for spatial analysis of concentration and activity patterns to determine if patterns indicated deposition of 
contamination or natural variability. The following figures illustrate the spatial distribution of selected 
metals, as well as plutonium, americium, and uranium in sediments and surface water: 

* 
Figure I- 1 

Figure 1-2 

Figure 1-3 

Figure 1-4 

Figure 1-5 

\ Figure 1-6 

Figure 1-7 

Figure 1-8 

Figure 1-9 

i 
IHSS 200-Stream and Reservoir Sediments (arsenic, beryllium, calcium, chromium, iron, 
manganese, potassium, and zinc) 

IHSS 201 -Stream and Reservoir Sediments (arsenic, beryllium, calcium, chromium, iron, 
manganese, potassium, and zinc) - 

IHSS 202-Stream and Reservoir Sediments (arsenic, beryllium, calcium, chromium, iron, 
manganese, potassium, and zinc) 

IHSS 200-Stream and Reservoir Sediments (americium-241 , plutonium-239, -240, 
uranium-233, -234, uranium-235, and uranium-238) 

IHSS 201 -Stream and Reservoir Sediments (americium-241 , plutonium-239, -240, 
uranium-233, -234, uranium-235, and uranium-238) 

IHSS 202-Stream and Reservoir Sediments (americium-241 , plutonium-239, -240, 
uranium-233, -234, ~ranium-235, and uranium-238) 

IHSS 200-Stream and Reservoir Surface Water (arsenic, beryllium, calcium, chromium, 
iron, manganese, potassium, and zinc) 

IHSS 201-Stream and Reservoir Surface Water (arsenic, beryllium, calcium, chromium, 
iron, manganese, potassium, and zinc) 

IHSS 202-Stream and Reservoir Surface Water (arsenic, beryllium, calcium, chromium, 
iron, manganese, potassium, and zinc) 

With the exception of plutonium-239, -240 in Great Western Reservoir, all metals were eliminated by the 
COC selection process. Part of that process was a weight-of-evidence evaluation, that included the 
spatial analysis presented in the maps in Appendix I. 
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Rocky Flats Environmental Technology Site 
Drafi R F m I  Operable Unit 3 

Appendix J contains figures showing activities of radionuclides (americium-241, plutonium-239, -240, 
uranium-233, -234, uranium-235, and uranium-238) and concentrations of selected metals (arsenic, 
beryllium, cadmium, chromium, lead, mercury, and nickel) with depth in the sediment cores collected- 
from the three reservoir IHSSs: 

' @ 

~ 

Great Western Reservoir (IHSS 200) 

~ 

Standley Lake (IHSS 201) 

I Mower Reservoir (MSS 202) 

J- 1 
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ABSTRACT 

Rocky Flats Environmental Technology Site (RFETS) investigated the sediment history of 
Standley Lake, Great Western Reservoir, and Mower Reservoir using 137Cs and 239.240Pu global 
fall-out and a9240Pu RFETS influences. Peak activities of 137Cs and 239.240Pu provided a means 
to date core horizons for these reservoirs near the RFETS. Sedimentation rates for Standley 
Lake, Great Western Reservoir, and Mower Reservoir are 0.75, 0.9, and 0.3 in/yr 
respectively. RFETS also compared historic sediment data to provide a comparison of 
sedimentation rates and core increments. Mower Reservoir historic sediment data did not exist, 
but Great Western Reservoir and Standley Lake sediment dating was compared with studies 
performed by EPA (1973), Hardy et at. (1980). and Thomas and Robertson (1981), and 
Rockwell International (1985). Comparing historic sediment data for SL with the OU3 study 
proved to be successful with the Hardy et at. study, but summarizing and comparing historic 
sediment information revealed inconsistencies that arise between designated horizons for - 

different studies. 

. . .  
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a 
1.0 INTRODUCTION 

Environmental Technologies at Rocky Flats Environmental Technology Site (RFETS) investigated 

the sediment history of Standley Lake, Great Western Reservoir, and Mower Reservoir using 

ls7Cs and 23934Pu global fall-out as dating indicators. These Colorado front range 
reservoirs have been the subject of study by various City, state and national agencies because of 
suspeded Department of Energy Rocky Flats Plant impacts (figure 1). We performed sediment 

dating as part of the Resource Conservation and Rewvery Act (RCRA) Facility 

InvestigatiorVRemediaI Investigation Report for Operable Unit 3 (RFURI Report OU3) (EGBG 

1994). A sediment chronology profile assists scientist in determining the year of 

sedimentation for a particular peak concentration of contaminants. 

I 

Radioisotope sediment dating for the three reservoirs indicated sedimentation rates of 0.7 to a 8  - -  

inJyr. for Standley Lake (SL), 0.9 inJyr. for Great Western Reservoir (GWR), and 0.3 

inJyr. in Mower Reservoir (MR). RFETS sediment dating for Operable Unit 3 compared 

favorably with the Hardy, Livingston, Burke, and Volchok Standley Lake study (Hardy et al. 

1978). 

This report describes the cesiumlplutonium sediment dating method, estimates sedimentation 

rates for Operable Unit 3 (OU3) reservoirs, and compares these results to previous 

investigations. 

2.0 THEORY OF CESIUM AND PLUTONIUM DATING 

Isotopes introduced into the atmosphere by natural and manmade methods descend to the earth's 

surface by precipitation and dry fallout. The fission products, ls7Cs and *39~240Pu, of nuclear 

weapons testing and nudear power facilities are frequently used to determine sedimentation 

rates and depositional history (Matsumoto and Wong 1977; Krishnaswami and La1 1978). 
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Peak weapons testing during 1962-63 maximized cesium and plutonium in the atmosphere and 
subsequent falbut and are often used as a stratigraphic marker (Robbins and Edgington 1975). 

One of the primary assumptions in sediment dating is that maximum cesium and plutonium in a 
sediment core represent peak weapons testing during 1962-1 963. Another is constant 
sedimentation rates prevail throughout the core. A third is no migration of cesium and 
plutonium occurs through the sediment column. 

Nuclear reactors also contribute to cesium deposits, but the aerial fallout is usually localized 
(Kriihnaswami and La1 1978). Cesium is an abundant component of discharges during accidents 
at nuclear power facilities such as Chernobyl in 1986 and Three Mile island in 1979 (Gilbert 
1989). Increased cesium content may be apparent in more recently deposited sediment layers 
coinciding with these incidents. 

Contaminants were released to the environment during several periodic events at RFETS. 
Duriig the history of activities, releases of contaminants into the environment occurred due to 
early operational practices during the 1950s and 196Os, holding pond reconstruction between 
1970-1 973, and an airborne radionuclide release during a building fire in 1969. Recent 
studies illustrated plutonium concentrations over normal global fallout in the 1969 

sedimentation year for GWR and SL creating an independent dating marker (Thomas and 
Robertson 1981 and Hardy et al. 1978). The 1969 fire and 903 area clean-up were used as 
the plutonium peak for this study. Cesium was not a product of any RFETS influenced activities, 
so OU3 reservoir sediments contain only global cesium fallout peaking in 1963 (Thomas and 
Robertson 1981). 

In most ponds, reservoirs, and lakes, cesium and plutonium are removed to the sediments via 
adsorption almost immediately. Removal to the sediments is driven by processes such as 1) 

adsorption to particulate matter present in the water column (clay minerals and organic 
matter); 2) direct adsorption to epilimnion sediments: and 3) scavenging by organisms 
(Anderson et al. 1987; Nittrouer et al. 1979; Hakonson and Whicker 1974). 



EG&G ROCKY FLATS & N V l R O N h E N T A L l E C ~ Y  Sm R FIE R- 94 -0 023 .U N 

Opede-Unit 3 - Page: 4 of 38% 
Sediment Dating andsedimentation Rates Effective Date: 1 1 / 1 / 9 4  

Manual: 
*- - Revision: Rev 0 0  

' 

Once cesium and plutonium are incorporated withim the solid phase of the sediment, they are 
usually resistant to redistribution. Mechanisms that may cause redistribution include 
biotuhtion, erosion, slumping, unreporled human activity on the sediment bed, and irregular 
processes of deposition (Robbins et al. 19n). 

The sampling process can cause further disturbances that affect the distribution of 
radionuclides and other chemical components (Anderson et al. 1 987; Gilbert 1989). Some 
examples of sampling disturbances indude: 

1 .. Disturbance of the sedimentlwater interface by turbulence created by the gravity 
coring apparatus: 

2. Compaction of the sediment caused by the impact of the gravity coring device; :- .- 

3. Inadequate suction .. within the free-fall gravity coring device leading to 

segmentation of the sample core; 

4. Small sample volume from the free-fall gravity coring device. .- .- ._ 

Disturbances 1 and 2 can create unpredictable and erratic activities of cesium and plutonium 
through the top layers of a sediment core. Therefore. other methods of dating are used. A third 
isotopk dating method, such as measuring the decay of naturally occurring z1 OPb,  can verify 
cesium and plutonium dating. A fourth method of verification includes comparing historic 
sediment studies when available. 

e 

21OPb dating is an applicable dating method for OU3 reservoirs, but for the OU3 study, small 
sample sizes for each core increment limited the number of parameters analyzed. Lack of 
adequate sample ske prevented ZroPb dating measurement. To verify cesiuklplutonium dating 
results, RFETS used historic sediment dating information from studies performed by Hardy et 
al. (1978), EPA (1973), Thomas and Robertson (1981), and Rockwell (1985). 
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Hardy et al. (1 980) applied a fifth method of dating verification by performing an analysis of 
isotopic ratio data which can support peak cesium fallout identification. Hardy et al. verified 
the influence of RFETS debris vs. global fallout by determining 241 Am and 239240Pu ratios. 
Additionally, 2399240Pu to la7Cs ratio values can correspond to RFETS influences and lack 
thereof. Radionuclide ratio analysis is beyond the scope of this report but can be found in the 
OU3 RFVRI report (EG8G 1995). 

3.0 METHODOLOGY 

a 

This report describes sediment dating, core selection, wring equipment limitations, dating 
methodology, and statistical analysis. Sampling locations, strategies and field methods for OU3 
reservoir sediment samples are discussed in detail in the OU3 RFIIRI report (1 995). ,-  

The United States Geological Survey (USGS) extracted 12 cores from the three reservoirs, and 
RFETS dedicated 4 SL cores, 5 GWR cores, and 3 MR cores to chemical analysis and sediment 
dating (Figure 2 through 4). Two cores from GWR and MR met the required criteria of 
optimum sampling location within the reservoir, sufficient core thickness, and adequate sample 
sue. One SL core met the required criteria. 

Sampling from the deepest areas of the reservoir optimizes sediment dating accuracy, due to 

minimized sediment disturbances. If deeper portions of a lake are anoxic, which can occur in 
the hypolimnion of some lakes during stratification, there will be a reduction in the number of 

large benthic fauna communities which would normally mix the sediments (Anderson et al. 
1987). Sediment mixing due to human or biological disturbances is minimal in the deepest 
areas and radionuclides concentrate in this area. 

Due to a loss of suction in the free-fall gravity coring apparatus, some of the 12 cores failed to 

retain sufficient thickness to reach the 1962 peak cesiumtplutonium activities. For dating 
purposes, RFETS rejected cores with insufficient sediment thickness. 
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After rejecting cores based on the above criteria, RFETS used 2 cores from GWR and MR and one 
core from SL to determine sediment history. The second SL core had minimal sample size for 
chemical analysis, and cesium analysis could not be performed. 

The field crew sectioned each core into 2 in. increments with separate laboratory analysis 
performed on each increment. This step provides cesium and plutonium activities for 2 in. 

sediment layers. 

The widely established cesiumlplutonium dating method is based on selecting the peak cesium 
and plutonium activities within a core increment. With the following assumptions, the sediment 
horizon corresponds to peak atmospheric testing in 1962 and the 1969 RFETS fire and 903 

area clean-up (Gilbert 1989): 

r -  

1. By allowing time for aerial deposition, peak cesium activity within the sediment 
corresponds to the year 1963, while peak plutonium in GWR and SL corresponds 
to 1969; 

2. Cesium and plutonium are absorbed to the sediments almost immediately and do not 
remain in the water column; ? 

E 

3. Migration of cesium and plutonium within the sediments after deposition is 
insignificant; 

/ 

4. Annual sedimentation rate is constant. 

e 

The horizon of maximum cesium activity establishes the location of 1963 sedimentation. The 
year of sedimentation for each core increment is established by determining the length of 

sediment between the top of the core and the top of the layer of peak cesium activity. To 

determine sedimentation rates, the length is divided by the number of years elapsed between 
1963 and the date of core recovery (Gilbert 1989). 

. 
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Plutonium dating is performed in the same manner, but for this study, t i e  layer of maximum 

activity corresponds to the 1969 fire and 903 area clean-up. Again, the length from peak 
plutonium to the top is divided by the number of years elapsed between 1969 and the date of 
core recovery. 

Historic reservoir sediment studies supplemented cesium and plutonium dating methods by 
comparing incremental results. RFETS compiled information from studies by EPA (1973), 
Hardy et at. (1 978 and 1980), Thomas and Robertson (1 981), and Rockwell International 
(1 985). 

Sampling strategies for each study included extracting cores at various locations within GWR 

and SL (Figures 2 through 4). For dating comparisons, RFETS selected data from cores 
retrieved from the deepest areas of the resenroirs, near the center of the dam. In none of the - 
studies did the core sampling locations exactly match the OU3 sampling locations. These front 
range reservoirs are located in flat drainage valleys and are relatively flat near the dam, and 
since these radionuclides are resistant to redistribution, sedimentation rates and radionuclide 
distributions are similar (Wolaver 1989). 

Thomas and Robertson dated GWR sediments using the cesium method, while Hardy et al. dated SL 

sediments using both the cesium and plutonium methods. RFETS used both cesium and plutonium 
for OU3 sediment dating and a comparison with historic studies. 

c- 

@ 

EPA (1 973) and Rockwell International (1 985) reported incremental radionuclide activities 
without sediment dating, because the objective of these studies was to report where higher 
radionudie concentrations existed. For these studies, we identified cesium or plutonium peaks 

the OU3 cores. Cesium data was not always available. 
within cores in the deepest resemir areas and dated the core increments in the same manner as - 

Core retrieving methods for these historic studies were similar to OU3 coring methods. In each 
s,tudy, a gravity-type corer retrieved cores of varying diameter. Varying diameters allow for 

various sample sizes for analysis without changing the sampling quality, but may minimize a x e  
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depth. Each sampling event is susceptible to equipment limitations such as surficial 
disturbances and sediment compaction. 

4.0 RESULTS 

Figures 5 through 9 illustrate the variation of cesium and plutonium with depth, and peak 
activities. Tables 1 through 6 summarize activities and dating results for cores within each of 
the resenroirs. Instrument counting error is illustrated with error bars in the figures and 
enumerated in the tables. 

The SL cesium activities peaked at the 18 to 20 in. increment. Cesium in both of the GWR cores 
peaked at the 24 to 26 in. increment. MR cesium activities peaked in both cores at the 6 to 8-in. 
increment. Plutonium peaked at different intervals than the cesium in each core indicating 
another source other than fall-out. SL, GWR, and MR deposited sediments at 0.7 to 0.8 (0.75 

average), 0.9, and 0.3 inJyr. respectively. 

AU values reported for cesium and plutonium have an associated error value comprised of 
counting error and analytical error. The random nature of radioactive disintegrations and 
laboratory error are estimated with the error value, as seen in Figures 5 through 9 and Tables 
1 through 6. 

RFETS statistically compared the similarity between cesium activities of core pairs in GWR and 
in MR. The difference between the measured cesium values was derived, and a paired t-test was 

used to determine whether there was a difference between the core pairs. 

The paired t-test hypothesized that the mean difference between the duplicate pairs was zero 
(Ho: Ud=O). The mean difference was not significantly different from zero and there was no 
significant difference between core pairs (Table 7). There is significant confidence that the 

core pairs are approximately the same when compared layer by layer. 
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Table 1. Standley Lake Cs-137 and Pu-239,240 sediment activity and errors based on 
1992 OU3 sediment core samples. 

s moa392 2 
4 
6 
8 
1 0  
1 2  
14  
1 6  
1 8  

. 2 0  
2 2  

0.36 
0.34 
0.397 
0.614 
0.765 
0.71 6 
0.946 
1.29 
1.4 

1.61(1) 
0.534 

IJ (3) 
u (3) 
0.1 24 
0.1 a2 
0.287 
0.221 
0.242 
0.35 
0.2 1 
0.23 

0.088 

Note: 1. Core's peak cesium activity. 
2. Core's peak plutonium activity. 
3. u = below instrument detection limit. 

0.0249 
0.028 

0.041 2 
0.0505 
0.0705 
0.0796 
0.1 39 
0.265 

0.38(2) 
0.1 01 

0.0408 

0.01 28 
0.01 14 
0.01 45 
0.01 87 
0.021 8 
0.022 
0.032 
0.046 
0.063 
0.025 

0.01 58 
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Table 2. Standley Lake Cs-137 and Pu-239,240 sediment dating based on 
1992 OU3 sediment core samples. 

LOCATION Depth Cs Dated Sediment Pu Dated Sediment 
MhABw (inches) Age (years) Age (years) 

SED08392 2 
4 
6 
8 
10 
1 2  
14  
16 

1 U 3 )  
2 W )  

22  

1989-92 
1986-88 
1983-85 
1980-82 
1978-79 
197577 
1972-74 
1969-71 
1966-68 
1963-65 
1960-62 

1989-92 
1987-88 
1983-86 
1981 -82 
1979-80 
1976-78 
1974-7s 
1971 -73 
1969-70 
1966-68 .=- - 
1964-65 

Note: 1. The cesium and plutonium based sedimentation rates for Standley 
Lake based on core #SED08392 are 0.7 and 0.8 inlyr respectively. 

2. Core's peak cesium activity interval. 
3. Core's peak plutonium activity intenral. 
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Table 3. Great Western Resewoir Cs-137 and Pu-239940 sediment activity and errors based 
on 1992 OU3 sediment core samples. 

LOCATION Depth cs-137 Enor PU-23 9,240 Error 

SED08692 

. .. 

SED09192 

2 
4 
6 
8 
10  
12  
14  
16  
1 8  
20 
22  
24  
26  
28 

_. 

0.252 
0.272 

0.2 
0.238 
0.21 4 
0.1 76 
0.462 
0.46 1 
0.528 
0.725 
0.975 

1.3 
1.66(1) 

1.34 

2 
4 
6 
8 
10  
12  
1 4  
16  
18  
2 0  
22 
24 
26  
28 

0.248 
. 0.299 

0.16 
0.34 
0.23 
0.379 
0.55 
0.651 
0.31 
0.848 
1.01 
1.33 

3.93(1) 
1.61 

0.056 
0.075 
0 (3) 
0.043 
0.062 
0.072 
0.076 
0.1 04 
0.173 
0.1 09 

0.2 
0.1 8 
0.2 
0.19 

0.077 
0.1 1 

0.1 36 
U 

0.099 
0.09 

0.1 09 
U 

0.142 
0.21 
0.38 
1.58 
0.38 

U 

Note: 1. Core's peak cesium activity. 
2. Core's peak plutonium activity. 
3. u = below instrument detection limit. 

0.1246 
0.1 91 5 
0.3745 
0.1809 
0.1875 
0.1887 
0.8958 
1.437 
.2.313 
2.698 

3.263( 2) 
3.1 83 
1.266 
2.41 3 

0.0891 
0.1 34 
0.1 54 
0.1 91 
0.243 
0.519 
1.23 
1.74 
2.87 

4.03(2) 
2.88 
1.93 
1.16 
2.61 

0.033 
0.0623 
0.0694 . . 

0.046 
0.0775 
0.0403 
0.125 

0.2 
0.325 

.0.335 
0.421 
0.459 
0.1 92 
0.36 

.- 

0.034 
0.034 
0.038 
0.043 
0.051 
0.091 
0.18 
0.24 
0.43 
0.5 
0.37 
0.25 
0.16 
0.35 



RF/ER-94-0023. UN EG&G ROCKYFLATS W R m k - s r ~ ~  Manual: 

operable Unit 3-- Page: 20 of 38 
Sediment Dating wd Sedimentation Rates Effective Date: 11/1 /94  

A- Revision: R e v 0 0  

Table 4. Great Western Resenroir Cs-137 and Pu-239.240 sediment dating 
based on 1992 OU3 sediment core samples. 

LOCATION Depth Cs dated Sediment Pu dated Sediment 
NLMBW (inches) Age (years) Age (years) 

SED08692 

SED091 92 

-- 

Note: 1. 

2. 
3. 

2 
4 
6 
8 
1 0  
1 2  
14 
16 
18  
20 
2 2  
24 
2 6  
28 

2 

- _ _  . 

1990-92 
1988-89 
1985-87 
1983-84 
1981 -82 
1979-80 
1976-70 
1974-75 
1972-73 
1970-71 
1968-69 
1965-67 

1963-64(2) 
196-1 -62 

1990-92 
4 
6 
8 
10  
1 2  
14 
16 
18  
2 0  
22  
24 
2 6  

- 28  

1988-89 
1985-87 
1983-84 
1981 -82 
1979-80 
1976-78 
1974-75 
1972-73 
1970-71 
1968-69 
1965-67 

1963-64(2) 
1961 -62 

1991-92 , 

1989-90 
1986-88 
1984-85 
1982-83 
1980-81 
1978-79 
1976-77 
1973-75 
1971 -72 

1969-70(3) 
1967-68 
1964-66 
1962-63 

1991 -92 
1988-90 
1986-87 
1983-85 
1981 -82 
1979-80 
1976-78 
1974-75 
1971 -73 

1969-70(3) 
1967-68 
1965-66 
1963-64 
1960-62 

The cesium and plutonium based sedimentation rate for GWR 
based on cores #SED08692 and #SED09192 is 0.9 in./yr. 
Core's peak cesium actiwity interval. 
Core's peak plutonium actiyity interval. 

r -  
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Table 5. Mower Reservoir Cs-137 and Pu-239,240 sediment activity and errors based on 
1992 OU3 sediment core samples. 

SED08892 2 
4 
6 
0 
1 0  
1 2  
1 4  
16  
1 8  
2 0  

SED08992 2 
4 
6 
8 
1 0  
1 2  
14  
16  
1 8  

1.34 
1.1 

1.86 

0.396 
0.093 
0.088 
0.068 
0.1 1 

0.099 

1.91(1) 

1.05 
1.29 
1.42 

1.96(1) 
1.19 

0.1 43 
0.026 
0.051 
0.073 

0.98 
0.22 
0.27 
0.34 
0.1 61 
tJ (3) 

U 

U 
U 

U 

0.32 
0.25 
0.33 
0.41 
0.1 6 
0.043 

U 
U 
U 

0.292 
0.502( 2) 

0.462 
0.021 4 
0.01 22 
0.01 47 

0.00871 
0.00642 
0.00761 
0.00427 

0.381 1 
0.6509 

0.6001 
0.1 281 
0.04021 
0.01 186 
0.01393 
0.00779 

1.1 12(2) 

0.048 
0.082 
0.073 

0.0214 . 

0.01 22 
0.01 47 

0.00871 
0.00642 
0.00761 
0.00427 

0.0836 
0.1 32 
0.1 7 

0.1 21 
0.038 
0.029 

U 
U 
U 

Note: 1. Core's peak cesium ac?ivii. 
2. Core's peak plutonium activii. 
3. u = below instrument detection limit. 
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Table 6. Mower Reservoir Cs-137 and Pu-239,240 sediment dating 
based on 1992 OU3 sediment core samples. 

, 
LOCATION Depth Cs dated Sediment Pu dated Sediment 
NLWm (inches) Age (years) Age (years) 

SED08892 2 
4 
6 
0 
1 0  
12  
14  
16 
18  
20  

1985-92 
1978-84 
1970-77 

1963-69(2) 
1956-62 
1949-55 
194 1-48 
1934-40 
1927-33 
1920-26 

SED08992 2 1985-92 
4 1978-84 
6 1970-77 
8 1963-69(2) 
1 0  1956-62 
1 2  1949-55 
14 * .  1941-48 
16 1934-40 
18  1927-33 

1981 -92 
1969-80(3) 

1961-68 
1953-60 
1945-52 
1937-44 
1929-36 
1922-35 
191 5-34 
1908-33 

I -  

1984-92 
1977-83 

1969-76(3) 
1962-68 
1954-61 
1947-53 
1939-46 
1931 -38 0 

1924-30 

Note: 1. The cesium and plutonium based sedimentation rate for Mower 
Reservoir based on cores #SED08892 and SED08992 is 0.3 in./yr. 

2. Core's peak cesium activity interval. 
3. Core's peak plutonium activity interval. 
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Table 7. Paired t-test on core pairs within Great Western Reservoir 
and Mower Reservoir. 

IF t-Value P-Value LOCATlON Mean 
NUMBER Diff erente Location 

-0.221 1 3  -1.374 0.1928 Great Western SED08692 
Resenroir SED091 92 

0.026 SED08892 
SED08992 Mower Resetvoir 8 0.23 0.8236 

I 

a 
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RFETS compared sediment dating results for the 1992 OU3 sampling with €PA (1 973), Hardy 
et at. (1 978), Thomas and Robertson (1 981). and Rodmrell International (1 985). Some 
studies characterized GWR sediments, others SL sediments, but previous MR core samples did 
not exist before the OU3 sampling (Table 8 and Appendices A-1 through A-5). EPA data 
indudes plutonium for SL and GWR; Hardy et al, includes cesiumlplutonium for SL; Thomas 
and Robertson data include cesium for SL and GWR; Rockwell data include plutonium for GWR. 

EPA retrieved 12 cores from GWR and two cores from S L  From these, RFETS selected data from 
those cores near the middle of the dam for comparison (GWR wre #1 IC and SL core #14c). . 

Hardy et at. retrieved one core from the center of SL. Thomas and Robertson retrieved 10 cores 
from GWR and one core from SL, and of these, RFETS selected core #A-3 in GWR and core #5 

_ .  r- . 
in SL RFETS selected core KB#4 from four Rockwell International gravity cores from GWR.: '- 

Appendices A-1 , A-2, and A-3 illustrate a comparison of the OU3 SL sediment core with EPA , 
Hardy et at., and Thomas and Robertson. EPA and Thomas and Robertson recorded plutonium 
activities, therefore, we dated these cores using the 1969 RFETS fire and 903 area clean-up 
plutonium peak. Both cesium and plutonium activities were available for dating the Hardy et al. 

. cores. 

The intermittent nature of EPA core horiions for SL interfered with identifying the EPA 

recorded plutonium activities. The available data placed peak plutonium at the 12 inch depth, 
which is appropriately labeled as the RFETS fire and 903 area clean-up in 1969, but this 
sedimentation rate is suspect because 6 inJyr. is abnormally high. 

The OU-3 and EPA cores did not correspond unilaterally for SL cores (Table 8 and Appendix - -  A- _ _ - - -  

1). EPA reported a sedimentation-rate of 1.1 to 1.5 inJyr. based on all their cores, which more 
favorably compare to the OU3 average sedimentation rate of 0.75 inJyr. 

Peak plutonium reported by Hardy et at. allowed for a fair comparison with OU3 SL dating 
(Table 8 and Appendix A-2). OU3 derived sedimentation rates of 0.75 inJyr. were slightly 



Table 8. Summary 01 OU3 and hlstorlc eediment dating (reler to Appendlx 1-6). 

POOR 

ax€) 

FAR 

€PA 1070 yes 0.7-0.8 : 6.1 .................................................................. ...................................................................................... +.3.Y! ............... 
Hardy et el. 1978 YES .. ............................................................................................... o:z:o:e...I...!.,2s-!.:2a ........ +.!. lo !...Y! .......... 

.momas. and...Robertson .. 1 ~ ~ 1  ....................................... ^ .............................................. _+_q..!O.?..Y!S .......... yes 0.7-0.8 : 0.08 

Rockwell lnternatlonal 1985 No " ................................................... " ............ ............ " ..... ............................................................................. " ..... 
Rockwell International 

No ~ ~ ~ ~ o m ! ! e ! d - ~ ~ ~ s ! s ~ ~ ~ ~ ~  .._._ ~ ....................................... " .......... L .................................. L"." 

STUm 

Core TMdvresr 
YeE Inadaquato .................................................. ".I.... L.. .................................... ................ 
No ..........................._.........................-... :." ..................................... : ...........- 
YeE 0.0 : 1.48 ........................................................... ......................... +l..!o.E.Y!!-.. 
YIS 0.0 : 1.20 .............................................................................. "..I.. .t9.W!.? ....- 
yes Indayate 

............................................ "..I ..................... "2 M.............." ........I......... ,....."_.I 

FAR 

FAR 

Core Thldawsr 

Slrndley Lmko Great Werlern Reeenoir 
SEDMENTATKN ou3 SBDIMENTATK3N ou3 

RATE SEDMENT RATE SEDMENT 

wmou3 (x3MpAAIsoN WITH OU3 coMpAwsoN 
SAMPLED ccMPAJ3s3l DATING SAMPLED coMpAF99oN DATlNG 

(OU3 : Study) (OU3 : Study) 

Note: When possible, sedimentation rates were based on cores taken lrom the deepest reservoir area. .. 
U 
0, is .. 
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lower than the 1 2  inJyr. Hardy rate. The Thomas and Robertson cesiumderived sedimentation 
rate of 1 inJyr. is a reasonable comparison to the 0.75 OU3 rate (Table 8 and Appendix A-3). 

Appendix A 4  and A-5 illustrate the comparison of Thomas and Robertson (1981) and Rockwell 
International (1 985) investigations of Great Westem Reservoir. The Rockwell core dating 
matched the OU3 1992 core dating remarkably well, with sedimentation rates of 1.2 and 0.9 

inJyr. respectively (Appendix A-5). Data from the Thomas and Robertson study did not 
compare to the OU3 study (Appendix A-4). 

- 

5.0 DISCUSSION 

Within each core, peak cesium and peak plutonium occurred at different depths (Tables 1 

through 6). Based on former front range reservoir sediment study results, we can identify the 
cesium peak as 1963 peak global fallout, and the plutonium peak as the RFETS 1969 fire and 
903 area clean-up. Different plutonium and cesium peak intervals in the OU3 cores confirm 
that different events affected plutonium activities other than atmospheric testing. 

=- - 

OU3 cesium and plutonium dating schemes compared well (Tables 1 through 6). Intervals of 
plutonium peaks corresponded primarily to deposition periods from 1968 to 1969 as a result 
of recorded air borne releases from the plant. Sediment dating for these cores is confirmed 
based on the fact that peak plutonium usually occurred in the 1969 interval as determined from 
cesium dating. 

The agreement between core pairs in GWR and MR is quite favorable. Peak cesium horizons and 
dating results matched in the GWR and MR axe pairs (Table 7). The paired t-test verified that 

cesium activities at each incremental depth were consistent between cores in each pair. 
Consistency between cores indicates minimal sediment mixing from bioturbation, erosion, 
slumping, or irregular processes of deposition. Minimal sediment mixing prevents excessive 
radionuclide movement, and more reliable sediment dating. 

L 
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MR is a relatively Rat and shalbw reservoir. At shalbw depths, we expected to find 

biotuhtion due to crayfish, midge lanrae, or earthworms, but the similarity between cores 

does not suggest a bioturbation problem. Core #SED08992 was taken at a water depth of only 5 

ft, while #SED08892 was 400 ft away at a water depth of 6 ft. 

The MR sedimentation rate was Low relative to SL and GWR (0.3 vs. 0.9 and 0.75 inJyr. 

respectively). Other Colorado front range reservoirs deposit sediments at rates of 0.49 to 2.5 

inJyr. (Wolaver 1989, EPA 1973, Hardy et al. 1980, Thomas and Robertson 1981, and 

Rockwell International 1985). Rates vary from resenroir to reservoir based on the size of the 

drainage basin, methods of water transport into the resenroir (conduit, manmade ditch, or 

natural waterway), reservoir residence time, and surrounding vegetative cover. 

One reason for low sedimentation in MR is that it is smaller than GWR and SL, with more 

vegetation surrounding the lake. Vegetative cover protects the reservoir banks from erosion 

and contributes to low sedimentation rates. Another reason is MR receives water periodically 

from Rocky Fiats Lake (near Colorado Hwy. 93) and Pond C-1 on the RFETS property, both of 

which senre as settling ponds upstream from MR. A third is that GWR and SL receive water 

from a much larger drainage basin (Clear Creek) that includes significant spring runoff which 

allows for high suspended solids. The MR drainage basin originates within RFETS boundaries 

and has very little spring runoff. 

. 

- 

Another explanation for low sedimentation rates relates to the location of the cesium and 

plutonium peaks within the two cores. Sediment winnowing in the shallow MR water can cause 

redistribution of these radionudides, so the peak activities of cesiumiplutonium may not be in 

the layer of original deposition (Anderson et al. 1987). However, there was high correlation 

between the two MR cores, which suggests minimal sampling or winnowing disturbance. 

As previously mentioned, all values reported for cesium and plutonium have an associated error - 

value. Scientists performing sediment dating usually accept the midpoint as the true value 

(Robbins and Edgington 1975 and Krishnaswami and La1 1978). It is possible in our sediment 

cores that the ‘rear peak act& falls within the error intenral of a sediment layer other than 
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the layer with the peak midpoint activity. We analyzed these differences for cesium in each 
reservoir core. 

In SL it is possible that the 'real' 'peak cesium occurred in the 16 or 18 in. layer. The result 
of this scenario is that sedimentation rates would be decreased to 0.5 - 0.6 inJyr. In turn, 
dating using the 16 or 18 in. layer for peak activity creates a sediment layer dating difference 
of 3 to 6 yrs. The sedimentation rates based on the 16 and 18 in. layer are significantly lower 
than the midpoint peak derived rate (0.7 in*.) and previous reports (1 .l - 2.5 inJyr.) 
(EPA 1973 and Hardy et al. 1980). 

Error intervals for the GWR cores indicate that the 'rear peak may be in a sediment increment 
above or below the layer of peak midpoint activity. This translates into a faster or slower 
sedimentation rate than the recorded peak midpoint activity derived sedimentation rate-(0.8 - 
1 .O inJyr.) and sediment layer dating could be as much as 1 year different. a 
The overlap of MR emr intervals reveals a slower sedimentation rate than the peak midpoint 
interval (only 0.07 - 0.20 in*.) with a sediment layer dating difference of 23 yrs. 
Sedimentation rates based on the peak midpoint value are already low, and based on 
sedimentation rates for other front range reservoirs, it is dfficull to justify lower rates. 

EPA, Hardy et al., and Thomas and Robertson core-sampled SL with various results. The 
location of peak plutonium in the EPA study was abnormal. Cores were extracted in 1970, 

possbly too early for a 1969 RFETS fire and 903 area dean-up plutonium peak and the depth 
of the sediment core was also inadequate. Another cause of this unusual distribution may be the 
coring device. A gravity core can disturb sudicial sediments and prevent a realistic 

representation of plutonium deposition. The plutonium peak may not be a result of the 1969 

fire and 903 area dean-up, but a sub-peak. 

OU3, Hardy et at., and Thomas and Robertson sedimentation rates for SL are fairly comparable. 
Where they are different, it is our opinion that the OU3 cores are the most representative 
because of the length cf the OU3 cores as compared to the historic study cores. Sometime 



EG&G ROCKY FIATS ENVlRONMENTALTECHNOLOGY Sm Manual: RF/ER-94-0023.UN .- L_ - - Revision: Rev 0 
Operable Unit 3, Page: 29 of 38 
Sediment Dating and Sedimentation Rates Effective Date: 11 /1 /94  

a 
~ 

not possible to extract a bng sediment core, and we found that the OU3 cores were longer than 
cores from the previously mentioned historic studies. Logically, the longer cores represent the 
best average sedimentation rate since more years of sedimentation are represented. 

Another reason for variation between studies may reflect variable annual sedimentation rates. 
With cesiumlplutonium dating, we assume that annual sedimentation rates are the same. This 
assumption may label a sediment increment as a given year, but be off by a couple of years due 
to varying sedimentation rates. 

The GWR study comparisons with OU3 results indude Thomas and Robertson (1 981) and 
Rockwell International (1985) (Table 8 and Appendices A 4  and A-5). OU3 compares with 
these two historic studies, but poorly at best. 

Summarizing and comparing historic sediment information revealed inconsistencies that arise 
between designated horizons for different studies. One study out of five allowed a year for year 
match of sediment horizons with the OU3 plutonium sediment dating (i.e.. Hardy et al.). The 
other four were offset on horizon dating, sometimes from as little as 2 to as many as 6 years 

(Appendix A). 

r -  

Factors that cause horizon date variability include: 1) laboratory analysis technique and error: 
2) repkating the sampling location within the reservoir; 3) the possibility that radionuclides 
migrate to some degree; 4) sedimentation is assumed to be constant from year to year (but in 
nearly all watersheds, this is a gross assumption), and 5) cores taken at different years with 
different thicknesses represent a snapshot of different sedimentation years. 

6.0 CONCLUSIONS 

Aerial falbut from peak weapons testing during 1963 and the 1969 RFETS fire and 903 area 
clean-up provided sediment markers within wres extracted from GWR, SL, and MR. Peak 
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amities of 137Cs and 2392mPu prwided a means to date cob horizons for one SL core, two 
GWR cores, and two MR cores. 

SL, GWR, and MR sedimentation rates based on the OU3 study are 0.75.0.9, and 0.3 inJyr., 
respectively. Core pairs from GWR and MR were compared using a paired t-test and it was 
confirmed there was n6 difference'between the core pairs. Therefore, sediment dating between 
the core pairs from each reservoir was identical. This analysis indicates that the sampling 
process and migration minimally affected the distribution of cesium and plutonium. . 

Historic sediment information from GWR and SL provided a second comparison. Historic 
information on MR is very limited, and previous sediment core data are non-existent. RFETS 

compared GWR and SL sediment dating results for the 1992 OU3 sampling with previous studies 
performed by EPA (1 973), Hardy et ai. (1980), Thomas and Robertson (1981), and Rockwell 
International (1985). Comparing historic sediment data for SL with the OU3 study proved t 
successful with the Hardy et al. study. Plutonium dating for the OU3 and Hardy et at. sediment 
intervals was nearly identical. Only one study out of five allowed a year for year match of 
sediment horizons. The other four were offset on horizon dating, sometimes two years and as 
much as six years (Appendix A). 

@ 

Summarizing and comparing historic sediment information revealed inconsistencies that arise 
between designated horizons for different studies. Factors that cause horizon date variability 
indude: 1) laboratory analysis technique and enor; 2) replicating the sampling location 
within the reservoit; 3) the possibility that radionuclides migrate to some degree: 4) 

sedimentation is assumed to be constant from year to year, and 5) cores taken at different years 
with different thicknesses represent a snapshot of different sedimentation years. 

We believe the OU3 cores are representative of sedimentation rates for the assigned time period. 
The SL cores were 2 to 4 in. longer and GWR cores 8 in. longer than any of the historc studies, 
providing a better average annual sedimentation rate. There was strong correlation between 
GWR and MR core pairs, and the one SL OU3 core compared favorably with the Hardy et a 

study. b 
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Appendlx A-1. Comparison 01 Stendley Lake Pu datlng by OU3 (1002) and EPA (1070). 
I 

EPA cor0 114c OU3 (1992) 
Doplh Pu Datod Sodimont Doplh Cs Dotod Sodlment Pu Datod Sodlmont 

Age (years) (Inc her) Ago (yorrs) LOCATIONNUMBER (Inches) Ago (yoors) 

. SED08302 0-2.0 
2.0-4.0 
4.0-6.0 
6.0-8.0 

8.0-10.0 
10.0- 12.0 
12.0-14.0 
14.0-16.0 
16.0-18.0 
18.0-20.0 
20.0-22.0 

1080-02 
1986-88 
1083-85 
1080-82 
1078-70 
1075-77 
1072-74 
1060-7 1 
1066-68 

1963-65( 1) 
1060-62 

Note: 1. Core's peak oeelum actlvlty Interval. 
2. Core's peak plutonium actlvlty Interval. 
3. OU3 (1002) sedlmenlallon rate Is 0.7-0.8 inhr. 

1089-02 
1087-88 
1083-86 
1081-82 
1070-80 
1876-78 
1074-75 
1071-73 

1969-70(2) 
1066-68 
1064-65 

0-2.25 1070 
2.25-4.25 1070 

1070 
7.25-8.25 1060 

1060 

12.25-1 4.75 1068 
11.25-12.25(1) 1 @80(2) 

4. €PA (1070) sbdlmenlallon rate based on cor; 14C is 6.13 InJyr. They recorded sedlmentatlon 
rates ol 1.1-1.61 InJyr. based on all thelr cores. 



, . Appendlx A-2. Comparison 01 Standley Lako Ca and Pu daUng by OU3 (1992) and Hardy (1980). 

OU3 (1992) Herdy et rl. core I 1  
Depth Cm Daled Sodlment Pu Dated Sedlment Depth Ca Dated Sodimon1 Pu Dalod Sodlmonl 

LOCATION NUMBER (Incheo) Age (yorre) Age (yeera) (Inchor) Age (year,) Ago (yorra) 

SEW8392 0-2.0 
2.0-4.0 
4.0-6.0 
6.0-8.0 
8.0-1 0.0 
10.0-1 2.0 
12.0-14.0 
14.0-1 0.0 
16.0-18.0 
18.0-20.0 
20.0-22.0 

1989-92 
i 9 8 0 - t ~  
1983-85 
1980-82 
1978-79 
1975-77 
1972-74 
1969-71 
1866-68 

l963-66(1) 
1900-62 

1989-92 
1987-88 
1983-80 
1981-82 
1979-80 
1970-70 
1974-75 
1971 -73 

1 969 -70( 2) 
1960-68 
1964-65 

1975-76 
2.30-4.72 1973-75 
4.72-7.87 1971-73 
7.87-10.24 1909-70 
10.24-12.6 1967-1968 
12.0-14.90 1906-1960 

14.96-18.11 1962-64(1) 
18.1 1-19.69 1961-02 

0-2.36 1915-70 
1973-75 
1971 -73 

1 969-70(2) 

1906-87 
1963-05 

ie67-0e 

1902 

Note: 1. Core's peak ceslum ecllvlty Interval. 
2. Core's peak plutonlum adlvity Interval. 
3. OU3 (1992) eedimentatlon rate le 0.7-0.8 InJyr. 
4. Hardy (1980) recorded a sedlmentatlon rate of 1.3 In@. 



Appendix A-3. Comparison of Standby Lake Cs and Pu dating by OU3 (1992) and Thomas and Robertson (1981). 

OU3 Thomas and Robertson core #S 
Depth Ca Dated Sedlmnt Pu Dated Sedlment Depth Ca Dated Sedlment 

LOCATlON NUMBER (Inohes) Age (yerre) Age (yeara) (Inchea) Ago (years) 

SED08392 0-2.0 1989-92 1989-92 
2.0-4.0 1986-88 1987-88 0-1.97 1974 
4.0-6.0 1983-85 1963-86 1.97-3.94 1973 
6.0-8.0 1980-82 1981 -82 3.94 -5.9 1 1872 
8.0- 10.0 1978-79 1979-80 5.91-7.87 1971 
10.0-1 2.0 1975-77 1976-78 7.87-9.84 1969 
12.0-1 4.0 1972-74 1974-75 9.84-1 1.81 1967 
14.0-16 0 1969-7 1 1971-73 11.81 -13.78 1966 
16.0-18.0 1966-68 1869-70(2) 13.78-15.75 1964 
18.0-20.0 1863-65(1) 1966-68 15.75-1 7.72 1063(1) 
20.0-22.0 1960-62 1964-65 17.72-19.69 1962 

Notu: 1. Core's peak cesium activity interval. 
2. Core's peak plutonium activity interval. 
3. OU3 (1 992) sedimentation rate Is 0.7-0.8 in./yr. 
4. Thomas and Robertson (1981) sedimentation rate based on core 15 is 0.98 in.Eyr. 

I?' 
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Appendix A-4. Cmparlson of Great Western Reservdr Cs and Pu daring by OU3 (1992) and Thomas and Roberlson (1981). 

OU-3 Thomas and Robertson cor0 # A 3  
Doplh Cs Dated Sodlment Pu Dated Sodimen1 Depth Cs Dated Sodimon1 

L O C A M  NUMBER (Inchos) Ago (yoars) Age (years) (Inchos) Ago (yews) 

SED08692 2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22  
24 
26 
28 

SED09192 2 
4 
6 
8 
10 
12 
14 
16 
18 
20  
22 
24 
26 
28 

1990-92 
igae-89 
iges-a7 
1983-84 
1981-82 
1979-80 
1976-78 
1974-76 
1972-73 
1970-71 
1967-69 
1966-66 

1963-64(1) 
1961-62 

1990-92 
igae-89 
iga5.a7 
1983-84 
1981-82 
1979-80 
1976-78 
1974-75 
1972-73 
1970-71 
1967-69 
1965-66 

1963-64(1) 
1961-62 

1991-92 
1 9a9-90 

1982-83 

1986-88 
1984-85 

1980-81 
1978-79 
1976-77 
1873-75 
1971-72 

1969-70(2) 
1967-68 
1964-66 
1962-63 

199 1-92 
1988-80 
1986-87 
1983-85 
1981-82 
1979-80 
1976-78 
1974-75 
1971 -73 

1969-70(2) 
1967-68 
1965-66 
1963-64 
1960-62 

0-1.97 
1.97-3.94 
3.94-6.91 
5.91 -7.87 
7.87-9.84 

9.84-11 .ai 
11.81z13.78 
13.78-1 5.75 
15.75-17.72 
17.72-19.69 

0- 1.97 
1.97-3.94 
3.94-5.91 
5.91 -7.67 
7.87-9.84 

9.84-11.81 
11.81 -1 3.78 
13.78-1 5.75 
15.75-17.72 
17.72-1 9.69 

Note: 1. Core'r peak cesium concentration Interval. 
2. Core's peak plutonium concentration Inlervd. 
3 OU3 (1882) redlrnentation fete bared on core ISE009192 Is 0.9 In.lyr. 
4. lhanar and Robertwn (1981) redimentadon fate based on am A-3 le 1.48 in.lyr. 

1974 
1973 
1972 
1971 
1969 
1967 
1966 
1964 

1963(1) 
1962 

1974 
1973 
1972 
1971 
1968 
1967 
1960 
1964 

1963(l) 
1962 



Appendlx A-5. Great Western Resewolr O W  (1992) CslPu darlng compared to Pu datlng from Rockwell lnternatlonal (1985). 

OU3 
Ca dated Sediment Pu datod Sedlmen Depth 

LOCAWN NUMBER (Inchor) Age (years) Age (years) 

SED08692 1 2  
4 

' 6  
8 
10 
12 
14 
16 
18 

22 
24 
2 6  

' 28 

' 20 

SED09192 82  
4 
6 
8 
10 
11 2 
14 
16 
'1 8 
2,o 
22  
24 
?e 
28 

1990-92 
1988-89 
1985-87 
1983-84 
198 1-82 
1979-80 
1976-78 
1974-75 
1972-73 
1970-71 
1967-69 
1965-66 

1963-64(1) 
1961 -62 

1990-92 
1988-89 
1985-87 
1983-84 
1981-82 
1979-80 
1976-78 
1974-75 
1972-73 
1370-71 
1967-69 
1965-66 

1963-64(1 
1961 -62 

Note: 1. Core's peak ceslum concentratlon Interval. 

1991 -92 
1989-90 
9 86-8 8 

1984-85 
1982-83 
1980-8 1 
1978-79 
1976-77 
1973-75 
1971-72 

1969-70(2) 
1967-68 
1964-66 
1962-63 

1991 -92 
1988-90 
1986-87 
1983-85 
1981-82 
1979-80 
1976-78 
1974-75 
1971-73 

1969-70(2) 
1967-68 
1965-66 
1963-64 
1960-62 

RI core KB#4 
Depth Pu dated Sedlment 

(Inches) Age (yoars) 

0.2 
2-4 
4-0 
6.8 

8-10 
10-12 
12-14 
14-16 
16-10 
18-20 

0-2 
2-4 
4-6 
6-8 

8-10 
10-12 
12-14 
14-16 
16-18 
18-20 

2. Cdre's peak plutonium concentratlon Interval. 

@&well International (1985) sedlmentalon rate Is 1.2 lnlyr. based on a ( B  14. 
U3 SED09192 (1992) Sedmentalon rate Is 0.9 Inlyr. 

I 

1983 
1982 

1980.81 
1978-79 
1870-77 
1974-75 
1972-73 
1970-71 
1969 (2) 
1967-68 

1983 
1982 

1980-81 
1978-79 
1976-77 
1974-75 
1972-73 
1970-71 
1969 (2) 
1967-68 
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EmsG ROCKY FLATS > 
ECIG ROCKY FLATS, INC 
ROCKY FLATS PLANT. P.O. BOX 464, GOLOEN. COLORADO 804024464 (303) 966-7000 

October 37; 7994 94-RF-10997 

. Jessie M. Roberson . 
' Acting Assistant Manager for 

Environmental Restoration 
DOE. RFro 

Attn: Kurt Muenchow 

RESULTS OF pca SEDIMENT AND TSSUE SAMPUNG FOR W A W ~  AND WOMAN CREEK 
\. DRAINAGES AND OFFSITE RESERVOIRS - SGS-576-94 

Action: None required 

As discussed in my letter to you dated September 8, 1994 (09292), preliminary results 
of ssdiment and tissue samples collected during the Operable Unit 6 (OU6) Remedial 
Investigation (RI) (August 1 992-June 1993) indicated elevated polychlorinated 
biphenyis (PCas) concentrations from some of the A- ana 6-Ssries.Ponds. The A- and 6- 
Stries Ponds are located in the drainages of the North ana South Walnut creeks. Prior to 
1982, Walnut Creek discharged into Great Western Reservoir (OU3, IHSS 200). A 
diversion ,canal was constructed in is69 that routed the flow coming from Wainut Crae.r<" 
around CrEst Western Reservoir and back into Walnut Creek below :he dam (see nap). I ne 
porentiai exists for. sediments. andlor specific biota in Great Weszm ileservoir and 
Stanley Lake Reservoir to have been impacted.by PC3 contaminants from the Rocky Flats 
Environmental Tachnologies Site (RFETS) prior io 1989. Gecause of this qossibility, a 
seciimecr and iissae PCEs samclins projec: was unaerrakzn as part of the 3wi:cnmentai 
Evaluation (EZj portion of the OU6 81. 

-. 

As shown in ihe atiached paper, results from the recent sediment sampling (June-July 
1994) reveal no detectable levels of PCSs in terminal ponds A-4, a-3 or C-3, indicsting 
that it is not likely that ssdirnents derived from R F Z S  are contributing PCSs to any of the 
offsite reservoirs or downs:ream ecosystems. Furthermore, the decreasing trend in PCS 
concentrations in fisli tissue sampies from the ?Ca source in sediments to downstream 
ecosystems supports :his tinding. Eievated PCS concentrations detec!ed in fish tissue 
samples cellecsd from Siandley Lake are not likely due to R F S S  saurces since his:orically 
R F E S  has cmtr:buted less than 5% of the sudace wa!er inputs to this reservoir and 
upstream sites cicser to R E T S  sources have lower or non-detectable PC8 concectrations. 
In adcjitjcn, since no PCSs wer? detac:ed in any of the small mammal tissue sanpies 
collected from around Ponas A-7, .A-3, 5-1 and 8-4, i t  is svident that DCas have not 
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bioaccumulated in terrestrial food chains. The Prebles Meadow Jumping Mouse and 
predatory birds feeding onsite are not threatened with PC8 contamination from these 
terrestrial sources at.RFETS. PC8 levels in fish tissue from RFtrS  sources are also below 
effects thresholds for fish-eating birds. 

Should you or your staff have any further questions or'concerns regarding this issue, 
please call Ed Mast of rny.staff at 966-8589. 

S. Gi Stiger 
Director 
Environmental Restoration Program Division 
E G G  Rocky Flats Environmental Technology Site 

Orig. and 1 cc - J. M. Roberson 

Attachment: 
As Siated 

cc: 
F. R. Lockhart - CQERFX. 
M. N. Silverman - DOEAEO 

. .  
, 



1 RESULTS OF PCB SEDIMENT AND TISSUE SAMPLING FOR WALNUT 
AND WOMAN CREEK DRAINAGES AXD OFFSITE RESERVOIRS 

ecutive S- 

Results from the recent surface sediment sampling (June-July 1994) reveal no detectable levels 
of polychlorinated biphenyls PCBs) in terminal ponds A-4, B-5 or C-2, indicatinz that it is 
not likely that sediments derived from Rocky Flats Environmental Technologies Site (RFETS) 
are conmbutha PCBs to any of the offsite reservoirs or downstream ecosystem. 
Furthermore. the decreasing aend in PCB concencrations in fish tissue samples from the PCB 
source in sediments to downstream ecosystems suppons this finding. Elevated PCB 
concentrations detected in fish tissue sampies collected from Standley Lake are not likely due 
to RFETS sources since historically RFETS bas contributed less than 5 %  of the surface water 
inputs to this reservoir and upstream sites closer to RFETS sources have lower or non- 
detectable PCB concentrations. In addition, since no PCBs were detected in any of the smal l  
mammal tissue samples collected from around Ponds A-1, A-3, B-1 and B 4 ,  it is evident that 
PCBs have not bioaccumulaced in terresmal food chains. The Prebles Meadow Jumping Mouse 
(Ppvlipvi) and predatory birds feeding onsire are not threatened with PCB contamination from 
these terrestrial sources at RFETS. PCB levels in fish tissue from RFETS sources are also 
below effects rhresholds for fish-eatin,o buds (DOE 1994a). 

Introduction 

Pre1hhu-y results of sediment and tissue samples collected during the Operable Unit 6 (OL6) 
Remedial Investigation (€U) (August 1993,-June 1993) indiated elevated PCBs concmrations 
from some of the A- and B-Series Ponds. The A- and B-Series Ponds are located in the 
drainages of the %or& and South Walnut creek. Prior to 1989. Walnut Creek discharged into 
Great Western Reservoir (OU3. IHSS 200). A diversion canal was constructed in 1989 that 
routed the flow coming from Walnut Creek araucd Great Western Reservoir and back into 
Walnut Creek below the dam (seo map). The porentiai exists for sedimears and/or sycific 
biota in Great Western Reservoir and Standley Lake Reservoir to have been impac:cd by PCB 
conmninanrs from the WETS prior to 1989. Because of t h s  possibiliry. 3. sediment and 
tissue PCBs sampling project was undertaken as ?arr of the Environmental Evaluation (EE) 
ponion of the OU6 RI. 

Thls samplin~ effort has e n d e d  the collection c i  additional sediment and ussue samples from 
the A- and B-Series Ponds and the collection or  5sh samples from the Walnut Creek terrmnal 
pond at Indiana Street (OU6) and Great Westen Rservoir to determine if any PCBs have 
migrated downstream of the terrmnal ponds. T i e  stud! are3 was further expanded at the 
request of DOE (DOE 1994bj to include fish t i m e  samples from Mower Reservoir, Standley 
Lake Reservoir. the C-Series Ponds (OUj), and &e D-Series Ponds (in the buffer zone 
southeast of OW). AI of the sampling results h3ve bcea received and analyzed and are 
discussed below. The relevant field sampling piam will be appended as appropriate. 
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Attachment 1 presents the unvalidated PCB results in sediment samples collected from the A- 
and B-Series ponds in OU6, while Attachment 2 presents the recent PCB tissue results 
(unvalidated) for OUs 3, 5 ,  and 6. 

It should be noted that during the OU6 RFURI in the fall of 1992 no PCBs were detected in 
the Surface water samples collected from the A- and BSeries Ponds. PCBs are hydrophobic 
and are therefore difficult to detect dissolved in water. However, the lack of PCB detectious 
in water samples does not ensure that PCBs are not being transported &ou@ aquatic 
ecosystems. Since animals bioaccumulate these lipid soluble compounds and sediments are 
difficult to analyze, primary screening for the presence of PCBs was best accomplished 
through the collection and analysis of animal tissue. However, the collection of the pond 
sediment samples is valuable in estimating the quantity of PCBs available for uptake by biou 
using a simplified food chain model. The prelimnary data fTom the B 1  pond (see 
Attachments 2 and 5 )  are a classic example of the bioaccumulauon of PCBs in food chains: 
Sediments 284 pg/kg-Plants 23 pg/kg-Lnseca 40 pg/kg-Fat head minnows 480 pg/kg. As 
PCBs move through the food chain, these lipid soluble compounds are accumulated in fatty 
tissues. Depending on food chain length and individual species bioconcentration and 
bioaccumulation factors, different organisms have very different PCB tissue levels from sites 
with the same source concentrations. For instance, fat head minnows, Pimphales pramelas, 
can bioconcentrate PCBs into their tissues 274,000 times higher that the concentrations found 
in their environment (EPA 1980). 

Sedimat An&gs 

Results (unvalidated) from the cunent sediment sampling program (collected 0-6 inches deep) a 
- __ in bo& the A- and B-Series Ponds show a decreasing concentration of PCBs. primanly 

iboclor-1254, with distance downsmeam (see Arachment 1 and below). The mean values of 
Aroclors-1254 and 1148 (given in p g / k g )  in the A- and B-Series Ponds were as follows: 

A Mean' Mean B Mea-  Mean* 
A- 1238 Ponds ,A- 1254 A- 1213 Ponds 

A- 1 75.9 ND B- 1 868 233.6 
A-2 82.8 m B-2 2073 589 
A-3 25 m B-: 571 ND 

L W  1W B 4  188 m 
ND ND B-5 

- A 4  

('Calculated using 20 pg.kg,  one-half of the insrrumeat detection limits of 40 ps/kg, for 
nondetects where averaged wirh debca; n = 5. 5D indicates that PCB was not detected in 
sediment samples of pond.) 

. .  

As shown above, sediments collected from Pond B-1 have a considerably higher mean 
Xroclor-1354 concentration than those collected $om either Pond B-1 or B-3. It is speculated 
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that this observation is due to the presence of an outfall that historically entered directly into 
Pond B-2, by-passing Pond B-1. Also, Ponds El and B-2 contain the only sediment sampling 

detected in either terminal ponds A 4  or B-5. In addition, no PCBs were detected in sediment 
samples collected from the C-1 and C-2 ponds during the current OU5 RFT/RI (Attachment 4). 

I 

I locations where ArocIor-1248 was detected. It is imporcaat to note here that no PCBs were 
I 

I -. 
As a basis for comparison of PCBs in sediment saniples, sample-specific Sediment Quality 
Criterion (SQC) (see Attachment 3) were computed from EPA's SQC factor of 19 pg PCBs/g 
total organic carbon (TOC) @PA 1980) and the sample-specific TOC percentage. EPA's 
SQC, as well as its Ambient Water Quafiry Criterion (AWQC) (0.014 p&), was developed to 
prorect wildlife feeding in aquatic habitats (EPA 1980). Each of these crirerion is based on 
preventing bioaccumulation of PCEs in aquatic Invertebrates and fish to levels above 640 
p g k g .  When mmic consume organisms containing this level of PCBs, reproductive 
impairment in nunk can result; this mammal is the most sensitive vertebrate species reported in 
the literature examined (Platonow and Karstad 1973). The ody ponds containing PCB 
concencrations exceedins SQCs were B-1 through B-3. Although these PCB concentrations 
exceed their respective SQCs, none of the values exceed the action levels for remediation of 
PCBs in sediments established at other sites, which range from 14.4 to 65 mg PCBskg TOC 
(34,400 to 65,000 psIg TOC) (Burton 1992; Baudo et. al. 1990). 

- Historical release infoxmation and the distribution patterns of PCB sediment concentrations 
suggest that the PCBs detected in the OU6 ponds have been derived from hstonc  releases. A s  
an example from the 1992 collection effon, in Pond B-1 the deeper sediment PCB 
comenuation (Attachment 4) was five times higher than levels in the surface 2 feet. Pond B-2 
had sediment iess than 2 feet in depth, Pond B-3 had similar concentrations wirh depth, and 
Ponci B-4 hsd concentrations over two times hgher at depth than in the top 2 feet. The 
primary type of PCB found in the ponds, koclor-1254, is one of che heavier PCBs (contains 
more c h l o d e  atoms} and is more resistant to biodegradation (XTSDR 1992). Ody one 
slighcly lishtcr and less resistant PCB. Xroclor-1235, is found in the pond sedimencs (B-1 and 
B-9,). The absence of Xroclor-1248 in the other ponds containins koclor-1254 suzgests that 
enough time has passed since the last spill for the less-resistant PCB to have biode, vraded. 
which also suggesrs that rhe source of PCBs in the pond sediments is not from a recent spril. 
A s  funher evidence of historical release sources, EG&G reviewed a summary of che h s r o ~ c  
timelines discussing construction, modifications, and incidenrs pertaining to the A- and B- 
Series Ponds (EG&G 1992). The above summary indicated that any PCB releases into rhe A-  
Series Ponds would likely have occurred prior to 1972 and that any releases into the B-Ssnes 
Ponds wouid have likely occurred prior to 1980. 

0 

In summation, PCB concentrations in both the A- and B-Series Ponds decrease with distancz 
downscream to the point where no PCBs were decetted in either temmal ponds A 4  or B-S 
addition. no PCBs were detected in sediment samples collected from the C-1 and C-3 por,ds 
Therefore, it is h@dy unlikely that sediments derived from RFETS would be currently 
conuibutin,a PCBs to any of the offsite resenoirs. 

In 



Attachment 2 presents the unvalidated PCB tissue results for the Walnut and Woman creeks 
drab,aes. For this study, an attempt was made to collect three of each species for whole body 
analyses. When additional numbers of the same species were sacrificed, they were used for 
filet or liver analyses. Therefore, in Atcachment 2 a l l  results are for the more conservative 
whole body anaiysis unless specified. 

To give meaning to the current tissue data, literature values are first presented as a 
comparison. For fish tissue the literature susgests that reproductive impairment in rainbow 
trout may occur at concentrations above 400 pg/kg fresh weight (EPA 1980, as reported in 
Eisler 1986). Eisler (1986) recommends a maximum body burden €or trout at 400 pglkg fresh 
weight, but makes no recommendations for non-salmonid species, which appear to be less 
sensitive. However, it should also be noted that concentrations of PCBs in fish tissue are 
reported to be protective of human health after consumption if they are below 5,000 p g k g  
(Hoetins 1983, as reported in Eisler 1986). Also, fish in the major rivers of the U.S. 
commody have levels of PCBs greater than 1.000 &k,a (Schrmct et d. 1983, as reponed in 
Eisler 1986). 

' 

In the A- and B-Series Ponds four types of tissues (whole body) from aquatic biota were 
analyzed: large mouth bass (40-58 pg'kg), fat head mimows (14479 pg.lkg), tizer 
salamanders (26-133 p,o/kg), and crayfish (BDL-9.5 pglkz). No consistent trends could be 
observed through the A-Series Ponds; species were eirher-present and collected in one pond 
only or the PCB concentrations were below detection limirs. For the B-Series Ponds, the PCB 
concentrations increased in uger salamanders riom the B-1 to B-2 Ponds with no funher 
specimens beins found dosnstrearn; increased in plants from B-1 to B-t: and decreased in fat 
k a d  minnows from B-l to B-5. PCBs were decccced in far head minnows collected from the 
Walnut Creek te- pond at Indiana Street in even lower concentrations than in B-5. Only 
one fish species (carp) was collected from Great Westen Reservoir. Of the SLY c u p  speclmen 
collected. only one contained detected quantities of PCBs (52.4 pg!kg). The only tissue 
samples colletred on WETS to excted Eisler's (1986) recommended maximum body burden 
rkr miit  (400 pgkz fresh weisht) were three fat head r m ~ o w  specimen (464498 p g k g  for 
whole boa?) collecLed from the B 4  Pond. 

Wirh repard to the remaining sampling results, fish tissue samples collected from Ponds C-1 
and C-2 concained only low levels of PCBs (<lo0 ,ag!k,o) and no PCBs were detected in fish 
tissues collected from Ponds D-1 and D-2 and Mower Reservoir. It is interesting to note that 
the hghesr concconnarion of PCBs collected in my m a l  cissue during this smdy was in a 
carp (1000 pg!'kgj collected from Standley Lake R s e T o u .  In fact. ths was the only offsite 
value that exceeded the recommended maximurn body burden for uout at 300 ,ug/k,o fresh 
weight . Hktoricslly. less than j% of the water :?owmg into Standley Lake Reservoir came 
from RFETS, and all of the Woman Creek dramage lbove the divide on Woman Creek below 
C-3 dam has been diverted to Mower Reservoir S i C C t  1989. Since very iircle flow historically 

_ _  

entered Standley Lake from WETS and cucently ao surface water enters this reservoir, it is 
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highly unlikely that the PCBs found in the fish tissue samples collected from Standley Lake 
have been derived from RETS. Furthennore, the scarciry of detected PCBs in fish tissues 
collected from Great Western Reservoir supports the hypothesis that RFETS is ~ p f  

conhbuting PCBs to any of the offsite reservoirs. 
0 

A sampling effort was undertaken to evaluate whether Prebles Meadow Jumping Mouse 
(PPVIJM) might be impacted by the presence of PCBs in the R E T S  buffer zone. This was of 
some concern because a P M M ,  which has been proposed as a threatened species under the 
Federal Threatened and Endangered Species Act, was recently live trapped on exposed Pond 
A-2 sediments. Since P M M  have a diet similar to deer mice, 13 deer mice were collected 
adjacent to Ponds A-1, A-3, B-1 and B-4 for whole body rissue analysis to evaluate possible 
PCB contamination in Prebles. In addition, 12 voles were collected from the same locations to 
determine if they represent a pathway of PCBs to predatory buds, which include voles in their 
diet. As seen in Attachment 2, no PCBs were detected in any of the small mammal tissue 
samples (whole body) collected from around these ponds. suggesring that PCBs have JJQJ 

bioaccumulated up che food chain further than the fish species collected at RFETS and that 
both the PMTpvl and predatory birds feeding onsite are not threatened with PCB contamination 
from RFETS. In addition, none of the PCE detections in fish tissue from RFETS sources 
exceeded the food concentration thresholds recommended by DOE (1994a) for fisheatin3 
birds: Belted Kin@sher, 667 ppb; Great Blue Heron, 768 ppb. - e  
Conciusions 

Results from the recent surface sediment sampling (June-July 1994) reveal no detecrable levels 
of PCBs in terrmnal ponds -44. B-5 or C-2. indicating that it is not likely that sediments - 
derived from WETS are contributing PCEs to an3 of the offsite reservoirs or downstream 
ecosynems. Funhermore. the dec:easing trend in PCB concentrations in fish tissue samples . 

from the PCB source in sediments to downstrem ecosystems supports this fmding.. Elevated 
PCB concentrations detecred in fish tissue sampies collected from Standley Lake are not llkely 
due to E T S  sources since hsrorically RFETS has conuibuted less than 3 '3 of the surfac: 
water inputs to this reservoir and upuem sites closer to RFETS sources have lower or non- 
detectable PCB concentrations. h addition. jhcz 90 PCBs were detected in any of the small 
mammal tissue samples c o k r e d  from around Pznds A-1. A-2,  B-1 and B J ,  it is evident that 
PCBs have not bioaccumulated in terrestrial food cnahs. Tae P4f.M and predatory birds 
feeding onsite are not chrestened with PCB c ~ n u m m u o n  from these terresmsl sources at 
E T S .  PCB levels in fish tissue from WETS jaurces are also below effects thresholds for 
fish-eating buds (DOE 1994a). 
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Attachment 1. UNVAUDATED RESULTS OF PC8 PROJECTSEDIMENT SAMPLING 

LOCATION SAMPLE# SAiWLEDA'IZ CHEMICAL RESULT UMTS QUAL D€T.LI&MIT 
A-1 SED60092 SwoO09ST 6JUn-N Yo SOLIDS 30.4 %REC 0.1 

SED60092 SwooO9sT 6-Juri-94 AROCLOR-1016 260 UG/KG U 260 
260 SED60092 SwooO9ST 6-Ju-94 AROCLOR-1221 260 UC/KG U. 
160 SED60092 SwooO9ST 6-Ju-94 AROcLOR-l232 260 UG/KG U 
260 SED60092 Swooo9ST 6-Iu-94 AROCLOR-1242 260 UG/KG U 

Yo SOLIDS 48.8 96REC 0.1 A-1 SED60192 SWOOOBST ~ J u I - 9 4  
SED60192 SWOOOSST 6J~n-94  AROCLOR-1016 160 UG/KG U 160 
SEDm192 SDXWSST 6-Ju~-94 AROCLOR-1221 160 UG/KG U 160 
SED60192 SWOOO8sT 6-Ju-94 A R K L O  R-1232 160 UG/KG U 160 
SED60192 SWoOO8ST 6-Jw-94 AROCLO R-1242 160 UG/KG L' 160 

AROCLOR-1248 160 UG/KG U 160 

AROCLOR-1260 520 UG/KG U 220 
%REC 0.1 

j70--; SED60192 SWOOOSST 6-JW-94 -- --- 
- m m ~ ~ j ~ - ~ - ~ ~ - 9 4 - - -  _ _  1- -AAOCLOR-QS -- : = . . . n ~ ~ ~ ~ ~ ~  . . _ _  . -.- --.- 

SED60192 SWOOO8ST 6-Ju-94 
SED60192 SWOOO8ST 6-Ju~-94 TOT. ORG. W O N  1.6 

46 S O D S  33.1 S6EC 0.1 

ARKLOR-1221 240 UG/KG G &.I 

A-1 SED60292 SWOOllsT 6-Ju~-94 

SED60292 SDOOO11ST 6-Ju~-94 
SEDM292 SWOOllfl 6-Ju-94 ARKLOR-1016 140 CIG/KC U 240 

SED60292 S W O O Z S T  6-Ju-94 AROCLOR-1232 240 UG/KC L' 240 
SED60292 SWOOllsl 6 - j ~ - 9 4  AROCLOR- 124.2 240 UC/KC U 2-10 

7 .'O 

140 

45r) 
YOREC 0. '5 

Yo SOLlPS 29 .? %REC 0.1 

3 - 2  
SE360S97, SCOCOl0,C: 6-Jun-94 ARCcLOR- 1 2 2  260 CG/KC C ,tu 

SED60392 SD00010ST 6-Ju-94 ARCCLOR-EL2 160 UGiKG L: 263 

6-Ju-94 AFCCLOR-'LXO 520 G G ~ K G  L' 323 
SEiXOj92 SDJCO1CST 6-Juri-94 TOT. ORG. CUSON 1.7 96°C <. ._ 

SED602X SwoO11S G7Kc-7-J.;- ----. 430'"-- 
-_ "~-..c .--...-_A- -... 

SED60292 5lXOOl1,cT 6-Jun-94 TOT. ORG. CXiON 1.3 

. @ A-1 SEiW391 S i X G O Z O S  6-Jw-94 260 UG/KG L' -.. .;17 4 jE360392 ScOOOlCsI 6-Ju-94 ' . ..UCCLOR-1016 

'I" 
SEE60392 SDCL'OIOST . .6-J~n-94 .4ROCLOR-i21 160 GC/KG L;' 

. 'E3 - ,J -- .. .. .. .UCCLOR-U48 260 UG/KG U .~ SED6il39Z sm6039z- ...-. SG00013S; sdoo.ol-(j~- -- -6,Jx--9 6-j~n-94 .=..--- -- ...-*"- - . . 
.AROCLOR~L5. L. 8 8  . . UGXG-':- 1-J _ _ _ _  __-- ,_.  _. .. .__ __. .-;.____--._---- .- .-.-_. -- -. -. ---------- 

.> . " - SEC60592 SWGOlOST 

Ncte: All detec?ion limit values are dry weight and adjusted for sample moistura content 



Attachment 1. UNVAUDATED RESULTS OF PCB PRQJECT SEDIMENT SAMPUNG -1 
POND LOCATION SAMPLE# SAMPLEDATE: CHEMICAL RESULT UNITS QUAL D l 3 . M  

SED60492 SwooO6ST 6-Jn-94 T M . O R G . W O N  1.1 %REC 0.09 

A-2 SED60592 
SED60592 
SED60592 
SED60592 
SED60592 
SED60592 
SED60592 
SED60592 
SED60592 

1-Jm-94 
1-Jw-94 
1-Jw-94 
1-Jm-94 
1-Jm-94 
1-J W-94 
l -J~t-94 
1-JUII-94 
1-Jw-94 

% s o m  33.4 % 
AROCLOR-1016 240 UC/KG U 
AROCLOR-1221 240 UG/KG U 
AROCLOR-I232 240 . UG/KG U 
AROCLOR-E42 240 UG/KG U 
AROCLOR-1248 240 UG/KG U 
AROCLOR-12% 480 t.lG/KG V . 
ARKLO R-1260 480 UG/KG U 

TOT. ORG. CARBON 3.9 Yo 

240 
240 
240 
240 
480 
480 
0.05 

A-2 SED60692 SwOOOZST 1-Jn-94 %SOLIDS 26.1 Yo 0.1 

SED60692 SwO003sT 1 -Ju-94 AROCLOR-1221 300 UC/KG U 300 
SED60692 SW0003ST 1-Jw-94 AROCLOR-1232 300 UG/KC U 300 
SED60692 SWOOO3ST 1-Jn-94 AROCLOR-I242 500 UG/KG U 300 

SED60692 S w o O o 3 S  1-Jw-94 AROCLOR-1016 300 UG/KG U 300 

0.05 01 SED60692 SwooO3ST 1-Jn-94 TOT. ORG. C4RBON 3.2 do 

A-2 SED60792 SwooOZST 1-Jw-94 Yo SOLIDS 23.1 oh 0.1 
SED60m2 SWWOZT 1-Jn-94 AROCLOR-1016 350 UG/KG U 250 
SED60792 SWOOO2ST 1-Ju-94 AROCLOR-1221 350 UG/KG U 259 
SED607?2 SwoOo2ST 1-Jm-94 AROCLOR-1232 353 UG/KC U m 

AROCLOR-1242 350 UC/KG L! 3 3  

-4-2 SED60852 
SED60842 
SED60892 
SED60692 
SED6O892 
SED60992 
SED63393 
SE363692 
SED69892 

S DUOCO 1 5  
scx)ooo1sT 
SWOO01-cT 
sm0c01s; 
saoo01sT 
SM)OOOl~ 
SiX)OOOZST 
SDOOOOZS'; 
sw0001sT 

00 SOLrDS 26.1 
hRCCLDR-iQ16 300 
.UOCLOR- 1221 200 
ARKLOR-IZ2 300 
A R C O R -  124.2 300 
A R E O R - 1 2 4 8  ' N O  
AROCLOR-':54 600 
AROCLO R- 1260 600 

TOT. ORG. CUBOIL' 3.3 

0.1 
X O  
x c  
3g0 

330 
1c0 
K O  
31c 
9.2 

3: 

33.2 

01 -4-2 SED60991 5DlO005-S 1-Ju-94 0'0 SOLIDS 16.5 . a  

SED6Cl992 Si200005aY I-Ju-34 ARCCLOR- io16 300 L'G/KG U 3c3 

SED60992 SDoOOOSaZ .UOCLCR-!222 300 L'G/KG U 2cc 

; .-n 
.LL 

SED60991 Scx)O005= 1-Jun-94 .~ROC'L@ R- 122: 300 UC/KC U 
SED63992 SWOOo5~ 1-Ju~-94 XROCLOR-I3? 300 CG/KC U ... - 

3 :  - - -  01 - - .- SED60992 SDOOCOSaT I-j~n-9.4 TOT. ORC. CUBON 3.2 - -  

.. _ .  .- - .  .- ~ 

-4-3 SED61091 SWCC5lST Il-run-94 96 SOLIDS 35.3 06 REC 
SED6i09Z SWOC3iST 11-fun-94 ARCCLCR-1016 3 0  UG/KG U 
SED61091 SD000315 21-Jw-94 UOCLCR-1221 S O  L;C/'KC L' 
SED61092 SDc0031ST 21-J~n-34 .ARCCLCR-i32 3 0  UC/KC L' - 

- .- 
.- 

e e i  SE36i091 SW003i-C; 21-Juri-94 U C C O  R- i Z C  3 0  X / K G  U - '  

7 Note: All detection limit values are dry weight and aajus:ad for sample moisture content 

-I 



- 

Attachment 1. UNVALIOATED RESULTS OF PC8 PROJECTSEDIMENT SAMPLING 

POND LOCATION SAMPLE* SAWLEDATE CHEMICAL RESULT UNITS QUAL DR:LIMIT 
SED61092 S M ) o Q 3 1 ~  21-ICUI-34 AROCLOR-1248 230 UG/KG U 230 _ _ - _ _ -  ~ 

SED61092 SWOO31sT 21-Jun-94 AROCLOR-1W 450 UG/KG U 450 

A-3 SED61192 swoo3OST 21-Ju~-94 %SOLIDS 603 Y'REC 0.1 

SED61092 Swoo3lST 21-JCUI-94 AROCLOR-1260 450 UG/I(G U 450 
SED61092 Swoo31ST 21-Ju-94 TOT. ORG. CUBON 1.7 %REC 0.14 

SED61192 Swoo3OST 21-Ju~-94 AROCLO R-1016 130 UG/KG U 130 
SED61192 SDOOO3OST 21-]CUI-94 AROCtOR-I221 130 UG/KG U 130 
SED61192 Swoo3OST 21-Jw-94 AROCLOR-1232 130 UG/KG U 130 
SED61192 SwooSOST 21-JCUI-94 AROCLOR-1242 130 UG/KG U 130 
SED61192 SwO030ST 21-JCUI-94 AROCLOR-1249 130 UG/KG U 130 

SED61192 SwOO3OST 21-Ju~-94 TOT. ORG. CUBON 1.6 %REC 0.08 

A-5 SED61292 
SED61292 
SED6l292 
SED61292 
SED61292 
SED61292 
SED61292 
SED61292 
SED61292 

A-3 

A-3 

SED61392 
53361392 
SED61392 
SED61392 
SED6i392 
SED61392 
Sr'C61393 
SED6i392 
SED6iSSZ 

SED6 ilS.2 
SED61452 
SED61492 
SED61492 
SEC6i402 
SED6 1402 
SED61492 
SED6i.192 
SED6i492 
SEE61492 
SED61492 
SED62492 
SED6i492 
SED61492 
SED6 2 9 2  
SED6 i4C2 
SED6i492 
SED61492 

swoo29ST 
SwoO29ST 
SwoO29S-T 
SDOO029ST 
swoozosr 
swoo29sT 
SwoO29ST 
SwoO29Si 
SwoO29ST 

21-JCUI-94 
21 - J c u I - ~ ~  
21-JCUI-94 
21-Jw-94 
21-JCUI-94 
71-Ju-94 
21-JCUI-94 
21-Ju-94 
21-Ju~-94 

%OOUDs - 48.2 %REC 0.1 
AROCLOR-1016 170 UGLKG U 170 
ARCCLO R-1221 170 UG/KG U 170 
AROCLO R-1232 170 UG/KG U 170 
AROCLOR-1242 170 UG/KG U 110 
AROCLOR-1248 170 UG/KC Li 110 
ARCCLOR-12% 330 UG/KG U 330 
ARKLOR-1260 330 UG/KG U 330 

TOT. ORG. CARBON 21 0.1 

9'0 SOLlDS 
ARKLOR-1016 
AROCLOR-1221 
ARoCLOR-'Z2 
ARCCLOR-2242 
.UOCLOR-i248 
ARCCLOR-!I='.L 
.%!!CCLOR-!260 

TOT. ORG. C.USON 

06 SOL,'DS 
O6 SOLrCS 

AROCLO R-I016 
AiiCCLO R- :O16 
.%ROCii3R-1221 
AROCLO R-ixl 
.L!CCLOR-C22 
AROCLOR-iZ2 
.%RCCiOR- iX2 

ARCCLOR-i2&3 
AROCLOR-124S 
.UOCLOR-I354 
AROCiOR-il!3 
ARK LO R-1160 
.%ROCLOR-1260 

TOT. ORC. CARBON 
TOT'. CRG. C-UBON 

ARCGOR-1241 

3.8 
230 
130 
130 
230 
230 
450 
450 
1.4 

63.3 
66.Q 
120 
110 
120 
120 
I20 
:LO 
I20 
120 
L O  
120 
250 
240 
550 
240 
1.1 
1.4 

.I 

.1 

%REC 
UG/KG U 
UG/KG U 
rJGiKG U 
LJG/KG U 
UG/KC U 
UG/KG U 
UG/KC U 
S'0REC 

96REc 
96REC 

L'G/KG 
UGI'KG 
CIC I'KC 
L'C /KG 
UC/KG 
UG/KG 
UG/KG 
UC/KC 
CG/KG 
GCiKC 
UGiKC 
UC/KC 
UG/KC 
CG/KC 
96EC 
96 REC 

0.1 
230 
730 
230 
230 
230 
450 
450 
0.14 

0.1 
0.1 
120 
120 
120 
120 
120 
120 
120 
120 
129 
120 
2 3  
200 
250 
2.10 
0.01 
0.07 

Note: All detection limit values are dry weight and adjusted for sample moisture content 3 



Attachment 1. UNVAUDATED RESULTS OF PC8 PROJECT SEDIMENT SAMPLING 
~ 

. POND LOCATION SAMPLE# SAMPLEDATE CHEMICAL RESULT UNITS Q U A L  D R . L m  
SED61592 SwoOSOST 3-Jul-94 AROCLOR-1232 130 UG/KG U 130 
SED61592 SwoOSOsT 5-Jul-94 AROCLOR-1242 130 UG/KG U 
SED61592 SwaOSOsT 5-Jul-94 AROCLOR-1243 I30 UG/KG U 
SED61592 5-S 5-Jul-94 AROCLOR-12% 260 UG/KG U 260 
SED61592 SwooSosT 5-Jul-94 AROCLOR-1260 260 UG/KG U 260 
SED61592 swoo5OST . 5-Jul-94 TOT.ORG.CARBON 13 % 0.08 

::: @ 

A 4  SED61692 swoO49S 5-Jul-94 % SOLIDS 30 % 0.1 
SED61692 Swoo49sT 5-Jul-94 AROCLOR-1026 260 UG/KC U 260 
SED61692 Swoo49sT 5-Jul-94 AROCLOR-1221 260 UC/KG LI 260 
SED61692 SwOO49sT 5-Jul-94 AROCLOR- 1232 260 UG/KC U 260 

SED61692 Swoo49ST 5-Jul-94 AROCLOR-1248 260 UG/KG U 260 

3 0  SED61692 SwOO49sT 5-Jd-94 AXOCLOR-E60 530 UG/KC U 
SED61692 Swoo49sT 5-JJ-94 TOT. ORG. C m O N  21 YO 0.16 

SED61692 SwOO49sT 5-Jul-94 AROCLOR-E42 260 UG/KG U 260 

SED61692 SW0049ST 5-Jul-94 AROCLOR-lE4 530 UC/KC U 530 

A 4  SED61792 
SED61792 
SED61792 
SED61792 
SED61792 
SED61792 
SED61792 
SED61792 
SED61792 

A 4  SED61692 
SED61892 
SED61892 
SED61892 
SED6iS92 
SED6i892 
SED6i392 
SED41892 
SED61892. 

A 4  SED61992 
SED6i992 
SED61992 
SED61992 
SED61992 

' SE361992 
SED61992 
SED61992 
SED61992 

smo51sT 
SrnOO,=lsi  
swoos 1s 
swoc51si  
sw00s1sT 
swous1sT 
swoos i s  
swoo5 1s-i 
sw00s15r 

6-Id-94 
6-Jul-94 
6-Jd-94 
6-Jd-94 
6-Jul-94 
6-Jul-94 
6-Jul-94 
6-Jul-04 
6-Jul-94 

5-JJ-94 
5-Jul-94 
3-Jd-94 
5-Jul-94 
5-Jd-34 
5-jui-94 

5-Jd-94 
5-JJ-94 

j-id-00 

6-JuI-94 
6-Jd-94 

6-Jd-94 
6-Jui-9.1 
6-Jul-34 
6-!ul-94 
6-Jul-94 
6-JJ-34 

6-jui-94 

Yo SOLIDS 
AROCLOR-1016 
AROCLOR- 1221 
AROCLOR-1232 

ARKLOR-1248 
AROCLOR- 12% 
AROCLOR-1260 

. .  

~ O C L O R - ~ ~ ~ ~  

TOT. ORC. CARBON 

9% SOLIDS 
ARKLOR-io16 
ARKLOR-!'?? 
ARKLOR-I32 
ARCCLOR-!IC 
ARCC LO R- Z4.S 
ARCCLOR-124 
ARCCLOR- 1163 

TOT. O X .  C-LiSON 

64.6 
120 
120 
120 
120 
120 
240 
140 
1 

33.9 
4 0  
130 
130 
3 0  
XiJ 
460 
460 
1.9 

96 SCLICS. 72 
.-\RCCLO R- 10 16 46 
ARKLOR-1111 01 
.UOCiOR- 2 3 2  45 
ARCCiCR-lI-2 46 
A R K  LO R-129 % 
.iRCCLOR-IZ-L 46 
. u K L O R - i t c 3  46 

TOT. ORC. CAiSON 9690 

70 
LTC /KC 
UG/KC 
UG/KC 
UG/KG 
UG/KC 
UC/KG 
UG/KG 

9% 

0.1 
120 
120 
120 
120 
120 
24a 
240 
0.07 

0.1 
230 
3 0  

Note: All detection limit values are dry weight and adjusted fcr szrnple moisture content 4 



- 
Attachment 1. UNVAUDATED RESULTS OF PCS PROJECT SEDIMENT SAMPUNG 

POND LOCATION SAMPLE# SAWLEDATE CHEMICAL RESULT UNTTS QUAL DET.LIMVITT 
B-1 SED62192 SDCWlZX 29-run-94 Yo SOLIDS 33.1 YO 0.1 _ _  

SED6Zl92 SWOO42sT 29-Jun-94 ARQCLOR-1016 160 UG/KG U 
SED62192 Swoo42sT 29-Juri-94 A R C ~ L O R - U ~ I  160 UC/KG U 
SED62192 Swoo42sT 29-J~-94  ARWOR-1232 160 UG/KG U 
SED62192 Swoo42sT 29-JW-94 AROCLO R-1242 160 UG/KG U 

SED62192 Swoo42fT 29-Juri-94 TOT.ORG.CARBON 22 YO 

El SED62292 SwO043ST 29-JW-94 Yo SOLIDS 33 YO 

SED62292 SwOO43ST 29-Juri-94 ARCCLOR-2016 150 UG/KG U 
SED62292 SW0043ST 29-Juri-94 AROCLOR-1221 IS0 UG/KG U 
SED62292 SW0043ST 29-JW-94 AROCLOR-1232 150 UG/KG U 

' SED62292 Swoo43ST 29-Juri-94 AROCLOR-1242 150 UG/KG U 
:uG(EGT-- 
--. --.-r.--.-i 2 
._..". ' -': U G ~ K G  . .- . . ' 

L'G/KG U 
SED62292 - SW0043ST 29-Juri-94 TOT.,ORG. CARBON 1.3 YO 

E1 SED62392 SWOO44ST 30-Ju~-94 Yo SOLIDS X i  46 
AROCLO R- 1016 220 L'G/KC U 
AROCLCR-I221 220 UG/KG L: 
AROCLOR-1232 120 UG/KG t' 

220 UG/KG U 

SED62392 SwOO44ST 30-Jw-94 
SED62392 SWOO4ST 30-JW-94 
SED62392 SwOO41ST 30-JW-94 
SED62392 SDOOO41ST 30-Juri-94 AROCLOR-1242 --- ----- la -.y-uGjfiG-- 

- 30 -;...........4--- :-&=0~-124&. 
- C. - . y ~ ~ ~ ? j * ~ ~  

O/ I SED6392 SEQOMLST 30-jm-54 TOT. ORG. CARBON 11 80 

01 51 SED62492 SWOO11ST 29-Ju~-94 Yo SOLIDS 51.4 I O  

SED62492 SDUOOClST 29-Ju-94 AROCLOR-!016 133 CG/KG C 
SED62392 SDOOO41ST 19-Ju~-94 AROCLOR-1111 133 CG/KG C 
SED62492 SW0041ST 29-Juri-94 AROCLO R- 132  130 CC/KG I;' 
SED62492 CWOO41ST 29-J~n-94-- __ .UCCLOR-l?E 1 3  L'G/SG -- U - 

"SED62492."-$t&&4i'IST'-' - 29-JZI94 AROCLO R-1248 -.- ' -320 UG/KG 

160 
160 
160 
160 
160 
310 
630 
310 
0.09 

0.1 
150 
150 
150 
130 
150 
300 
30c1 
0.09 

0.1 
220 
220 
220 
220 
220 
430 
430 
0.13 

0.1 
153 
153 
133 
E O  
153 

- 
3 Ncte: All detec!ion limit values are dry weight and adjusted for sample moisture content 



Attachment 1. UNVAUOATED RESULTS OF PC8 PROJECT SEDIMENTSAMPUNG 

B-2 SED62792 SDOOWST . 23-Jm-94 %OsoLlDs 202 %REC 0.1 
SED62792 SDOOO3GT 23-JUI-94 %SOLIDS 251 %EEC 0.1 
SED62792 SW003SST 2 3 4 ~ - 9 4  AROCLOR-1016 390 . UG/KG U 590 
SED62792 SWOo3.IsT 23-Juri-94 ARKLOR-1016 320 ' UG/KG U 320 
SED62792 SwOQ35ST 23-Ju-94 AROCLOR-1221 390 UG/KG U 590 
S€D62792 S W O W S  23-Ju~-94 ARCCLOR-1221 320 UG/KG U 320 
SED62792 SM)oo35ST ' 23-Jw-94 AROCLOR-lZ32 390 UG/KG U 390 

SED62792 SWoa3sSr 23-Jun-94 ARKLOR-l242 390 UG/KG U 390 
SED62792 SDooo3.1SI' 23-Juri-94 ARKLOR-1232 320 UG/KG U 520 

SED62792 SW003ST 23-JU-94 AROCLOR-1260 630 UG/KG U 630 
SED62792 SW0035ST 2-Jun-94 TOT.' ORC. CARBON 5.7 S'OREC 0.14 
SED62792 SWOO34ST' 23-Jun-94 TOT.ORG.CARBON 3.6 XREC 0.19 

E2 SED62892 SDooo36ST 23J~n-94  Yo soms 39.1 XREC 0.1 
SED62892 SDOOO36S' 23-Juri-94 AROCLOR-2016 200 UG/KG U ZOO 
SED62892 SDU0036ST "Z-Ju-94 ARKLOR-1221 ZOO UG/KG t' 200 
SED62S92 SW0036~7 23-JU-94 ARCCLOR-1'12 200 UG/KG ti 2q0 

200 

.9RCCLOR-1153 
SED62Sa2 SDO0036ST 23-JU-34 TOT. ORC. C-RBON 4.3 0.12 

B-1 

.- 

SED62591 
SS262091 
SED62992 
SED62992 
SED62?92 
SED62992 
'SE262992 -- 
'E262992 
SED62?92 

SED62a9L.. 
24-Juri-94 TOT. CRC. CARBON 3 SbEC 0.1 

Note: All detection limit values are dry weight and xius:ecl for sample rnois:ure cantent 0 



Attachment 1. UNVAUOATED RESULTS OF PC8 PROJECT SEDIMENT SAMPLING 

POND LOCATION SAMPLE# S M P L E D A n  CHEMICAL RESULT U N I T S  QUAL DET,LIMn 
360 UG/KG U 360 SED63192 SW0024ST l+J~n-94 AROCLOR-1221 

560 
360 

SED63192 SwoO24ST 14-J~-94  AROCLOR-1232 360 UG/KG U 
SED63192 SW002m 14-Ju-94 AROCLOR-1242 360 UG/KG U 

AROCLOR-1248 

022 SED63192 SwoOzdfl 14-JM-94 TOT.ORG.CARBON 43 

?'osoLXDS 29.8 ZREC 0.1 

260 UG/KG U 260 

E3 SED63292 SW0026sT l4Jn -94  
SED63292 SwO026sT l 4 J ~ - 9 4  
SED63292 SW0026sT 14J~n-94 AROCLOR-l221 
SED63292 SW0026ST 11-JM-94 ARKLO R-1232 260 UG/KG U 

AROCLOR-2242. 260 UG/KG U 

AROCLOR-1016 . 260 UG/KG U 260 

260 
260 

RG.CXRBON 2 6  

%SOLZDS 22 %REC 0.1 

AROCLOR-I221 360 L'G/KG u 360 

8-3 SED63392 SWOO23sT 14-J~-94 
SED63392 SwOO23ST 14-Ju-94 
SED63392 SW002jST 14-J~-94 
SED63392 SWOOZST 14-Ju-94 
SED63392 SDOOOZST 14-Ju~-94 

AROCLOR-1016 360 UG/KG U 360 

AROCLOR-1232 3 0  L'G/KG U 360 
AROCLOR-1212 360 L'G/I(G L' 360 

SED63391 SCGC05ST l-bjUn-94 TOT. ORG. C.USON 4.1 %REC 

9 2s SEDG-ISI  SCOCC7.23 14-Ju~-94 TOT. ORC. CUBON 1.2 

. - .  

Nore: All detec!ion limit vaiues are dry weicnt and adjusted :or sample mcis;L;rp content 



Attachment 1. UNVALIDATED RESULTS OF PC8 PROJECT SEDIMENT SAMPUNG 

POND LOCATION SAMPLE# SrLMPLEDATE a-E.MICAL RESULT UNITS QUAL DIZ.LIMn 

Yo soms 453 %REC 0.1 W SED63792 SM30015ST 8-Ju-94 
SED63792 SW0015ST 8-Ju-94 ARCCLOR-IO16 170 UG/KG U 170 
SED63792 SwOOlSST 8-Ju-94 .4RKLOR-1222 170 UG/KG U 170 
SED63792 SwaOl5sT 8-Jun-94 AROCLOR-1232 170 UG/KG U 170 
SED63792 SWOOl5ST 8-JUn-94 AROCLOR-IZa 170 UG/KG U 170 

AROCLOR- I248 

YOREC 0.1 

0.1 
180 

AROCLOR-1221 180 UG/KG U 180 
180 

180 UG/KG U 180 
180 

370 
% N C  0.11 

SED63792 SwOOI5ST 8-Ju-94 TOT. ORG. CARBON 1.8 

W SED63892 SW0016ST 8-Ju~-94 % SOLlDS 4 2 6  %REC 
SED63892 SWOO16ST 8-Ju-94 AROCLOR-1016 180 UG/KG U 

SED63892 SWOO16ST 8-Jw-94 AROCLOR-1232 180 UG/KG U 
SED6892 SW0016ST 8-JUR-94 

SED63892 SW0016ST 8-JW-94 AROCLOR-1242 - SED63892 ___-- SW0016ST 8-J~n-94 A.ROCLOR-12G 180 UG/KG U - . ~ ~ ~ 6 3 8 9 2 ,  ~ s t Z i i T ~ ~ j m - 9 4  - . A R - T Z ~  -- : 200 - : U'CK G, -J.- ,I  370 -_ ,-i 
AR6CLO R- 1260 370 tiG/KG U --- 

SED6392 SW0016sT 8-]a-94 
SED63892 SWOOl6St 8-Juri-94 TOT. ORG. CARBON 2 

8- Ju-94 ?% SOLIDS 33.8 %REC 0.1 

AROCLOR-1232 150 UG/KG U 153 

W SED63992 SWOO13sT 
SED63992 SWoOl2sT 8-Ju-94 AROCLOR-1016 130 UGIKG U 150 

' SED6992 SwoO13sT 8-Ju~-94 ARCGO R- 1221 150 .UG/KG U 150 
SED63992 SWOOEST 8-Ju~-94 

1513 UG/KG U 150 SED63992 S W O O U S  8-Ju-94 A R K L O  R-1262 

B-3 

E3 

- .  

5 5  

Note: 

SED63992 

SED64091 
SEOWO2 
SED64392 
SED6492 
SED61092 
SED64092 
SET264091 
SED64092 
SED64092 

SED64192 
SED64192 
SrTd1192 
SED64192 
SED64192 
SED64192 
SED64192 
SED64192 
SED64192 

SEDG292 
SED64292 
SED64292 
SED44292 
SED64292 
SED64292 

- .  

soooo13si 

S ~ O O 1 S s i  
smoo1s~c; 
S ~ 0 0 1 S S ~  
s woo 1 SST 
S~001SS'; 
5DcGOlSsi 
S;?OOI SST 
SDCGOlEST 
sco001ssT 

SWCOl?S 
SIxM0195Si 
SWo019R 
SWO019Si 
SWO019ST 
S'300019sT 
SW0015ST 
SW0019ST 
SwoO19ST 

SWOOZlSr 
SWOO215i 
swfl021sT 
SMx)O2?-cT 
sw002lsT 
swoo25r 

3-juri-34 

10-Juri-34 
IO-Ju-34 
IO-jun-94 
IO-Jun-44 

10-Jun-w 

1O-J~n-94 
10-JUn-34 

10-Juri-3 
10-Ju-94 

lS-J&-9J 
15-J un-94 
If-Juri-94 
13-JUI-94 
15-Ju~-91 
15-juri-94 
15-Juri-34 
IS-Jun-94 
15-Jun-34 

13- Jun-94 

13-Jun-94 
1s-Juri-94 

15-Ju-94 
1s-Ju-94 
15-Jun-94 

TOT. ORG. C-kRSOW 

Ail detec!ion limit values are dry weight ana aojus;ed for sample moisture cmtent 

0-09 0.1 e 

0.1 
130 
130 
130 
E O  
130 
Ed 
E3 
0.07 

e 140 

8 



I 

Attachment 1. UNVAUDATED RESULTS OF PC8 PROJECT SEDIMENT SAMPLING 

POND LOCATION SAMPLE# SAMPLEDA7'E CHEMICAL RESULT U N I T S  QUAL DET.LIMZT 
SEDM92 SwoOZlST 15- j~ -94  AROCLOR-12% 250 UG/KG U 280 
SED64292 Swoo21ST 15-Ju-94 ARWLOR-1260 280 UG/KG U 280 
SED64292 SwoO21ST 15-Ju-94 TOT. ORG. CARBON 1.2 XREC 0.08 

5 5  SED64392 
SED64392 
SED64392 
SED64392 
SED64392 
SED64392 
SED64392 
sE064392 
SED64392. 

8 5  SED64492 
SED64492 
SED64492 
SED6492 
SED64492 
SED64492 
SED64492 
SEDU92 
SED64492 

Swoo2osT 15-Ju-94 
swoo2OST 15-Ju-94 
SW0020ST 15-JUI-94 
S w o o 2 O S T  15-Ju-94 
SWOOZOST 15-Ju-94 
SwoO2OST 15-J~-94  
Swoo2OST 15-Ju-94 
SWOO2OST 15-Ju-94 
Swoo2OST 15-Ju-94 

10-Jw-94 
10-Ju-94 
10-Ju-94 
10-Ju-94 
10-Ju-94 
10-Ju-94 
10-Jm-94 
10-Ju-94 
10-Ju-94 

%.soLIM 36.9 
AROCLOR-1016 220 
AROCLOR-1221 220 
ARKLOR-1232 220 
AROCLOR-1242 ?20 
ARKLOR-1248 YO 
AROCLOR-E54 430 
AROCLOR-1260 430 

TOT. ORG. W O N  2 

%REC 
UG/KG U 
UG/KG U 
UG/KG U 
UG/KG U 
UC/KG U 
UG/KG U 
UG/KG U 
%REC 

0.1 
220 , 

220 
220 
220 
220 
430 
430 
0.13 

96 soms 63.9 XREC 0.1 
ARKLOR-1026 120 UG/KG U 120 
ARKLOR-1221 120 UG/KG U 120 
AROCLOR-1232 120 UG/KG U 120 
ARKLOR-1242 120 UG/KG U 120 
ARKLOR-1248 120 UG/KG U 120 
ARKLOR-134 240 L'C/KG U 240 
A R K L O  R- E60  210 UGiKG U 240 

TOT. ORG. CUBON 1.3 96REC 0.37 

m 
Note: All detec!ion limit values are dry weight and acjus:ed for sarnpl- moisture content 9 
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SI 
41 
Sl 
51 
Sl 
SI 
41 
SI . 
SI 
SI 
SI 
41 
Sl 
SI 
S t  
SI 
SI 
SI 
41 
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Z ' f  
6'9E 
ES 
6€ 
9E 
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G t  
F6 I 
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'IC111 
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66 
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samples are, whole body except where noled 

Allacl~tirciil 2. PI'lELIMINAt3Y PCU TISSUE RESULTS FOR OU3,OU5, AND OU6 
I 

I 1  I 
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Allacl~inenl2. PIIELIMINARY PCU TI !P UE HESULTS FOR OU3,OU5, AND OU6 * 

’ 
P I ’  ?ainples are whole body except where noted 
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Attachment 3. Sample-specific SQC Comparison 

I I 
I I I SQC I Arocior- 1 Aroclor-. 

I 

Pond I Location ! I Sample X I i TOC 5% (uglkg) I1254 I (ug/kg)I I 1248 (ugkg) 



AlTACHMENT 4. OU5 PC8 SEDIMENT DATA 

Ci1 . SED508 SD50014WC' 09-Nov-92 AROCLOR-i254i 80  : UG'KG 160 I 
C-1 ' SED510 SD50017WC' 09-Nov-92 AROCLOR-1254; 80  : UG'KG 1 6 0  

C-2 SED512 SO50024WC' 10-Nov-92 AROCLOR-1254; 8 0  ' UG/KG 160 
C-2 SED511 SD50023WC; 10-Nov-92 AROCLOR-1254; 8 0  . UG/KG 160 

I-.:-'- . . . , ,~ . : l . ' . . . .~ . ' - . . . . - . - .  - ' .? - -  i , ?; .a*....',.... - . I - )  ..._. i . ; : . : . . ~ , ~ ~  .... :...:<..- .. . -- .: ..::-.---..-.A. -- --. .:-:y3F:i::.-[. 
C-1 ' : SED508 SD50014WC 09-NOV-92 AROCLOR-1260I 80  i UG'KG ' 160 

POND( LOCAT~ON I SAMPLE# I SAMPLEDATE I CHEMICAL [RESULT[ U N ~  I D E T U M ~  
r 

C-1 1 SED508 I SO50014WCl 09-Nov-92 I AROCLOR-1016I 40  I UG/KG i 80  
C-1 1 SED510 I SD50017WC i 09-Nov-92 I AROCLOR-1016 1 4 0  I UGMG 1 80 
C-2 I SED511 I S050023WC! 10-Nov-92 i AROCLOR-10161 40 UG/KG 8 0  

C-1 S€D508 i SO50014WCf 09-Nov-92 I AROCLOR-1221 1 40 I UGMG i 8 0  
C-1 I SED510 i SD50017WCi 09-Nov-92 1 AROCLOR-1221 1 40  i U W G  I 8 0  
C-2 1 SED511 ! SO50023WCI 10-Nov-92 I AROCLOR-1221 I 40 1 UG/KG 8 0  

I 

C-1 SED508 'SD50014WCI 09-NOV-92 I AROCLOR-1232! 40 1 UGKG I 8 0  
C-1 I SED510 i SDSOO17WC1 09-Nov-92 I AROCLOR-1232' 40 i UG'KG I 8 0  
C-2 SED511 I SO50023WC' 10-Nov-92 i AROCLOR-1232: 40  ' UGMG 8 0  

C-2 ' SED512 SO50024WC' 10-NOV-92 ' AROCLORr1248i 4 0  ' UGMG ' 8 0  

C-1 SED510 SO50017WC 09-NOV-32 AROCLOR-1260, 80 ' UG/KG 160  
C-2 SED511 SO50023WC 10-NOV-32 AROCLOR-12601 8 0  ' UG/KG 160 
C-2 SED512 SD50024WC 1 0-NOV-32 AROCLOR-1260: 8 0  UG'KG 4 160 

Page 1 



AlTACHMENT 5. OU5 PCBs IN POND SEDIMENT CORES (1992) 

r I I TOTAL PCB CoNcmwnoN I POND I CORE DEPM 1 UG/KG (PPB) 

I I 1640 0-2Fr 
I 

81 i 
I 

I 2260 0-2FT i 
82 ' - 

83 0-61N 1994 790 

1550 0-2FT 

284 

660 

8-4 O-2FT 

2-4FT 



APPENDIX M 

RECENT PAPERS ON THE SOILS OF OU 3 

1 of 196 



Rocky Flats Environmental Technology Site 
Drati R F n I  ODerable Unit 3 

”. 

Appendix M contains papers authored by RFETS employees regarding the distribution of actinides and 
other metals in OU 3. 

Comprehensive Appraisal of Plutonium-239, -240 in Soils of Colorado: A Basis for Risk Analysis, Litaor, 
et. al. (1 995) is in press in the Journal of Health Physics and due to be published in the December issue. 

Analysis of Selected Metals in the SurJicial Soils of OU 2, Allen and Litaor, (1995) was developed as an 
internal study for OU 2. This paper is relevant in that if OU 2 contains metals which exhibit an areal 
distribution pattern, this may be indicative of metal contamination in OU 3. The study shows that there is 
no indication that metals other than plutonium and americium were areally disbursed into OU 3. 

Vertical Distribution of Actinides in the Soils of Operable Unit 3, Litaor, (1995) discusses the vertical 
movement of actinides in the soils. The data indicate that vertical movement of actinides is not 
occurring. 

Comprehensive Appraisal of Americium-241 in Soils of Operable Units 1, 2, and 3: A Basis for Risk 
Analysis, Litaor and Allen, (1995) provides a distribution analysis of americium-241 using the same 
techniques as plutonium-239, -240. This publication is in press in the Journal of Health Physics. 

M-1 



Comprehensive Appraisal of Plutonium-239+240 in Soils of 
Colorado: A Basis For Risk Analysis 



ABSTRACT 

. Plutonium contamination of soils around Rocky Flats 

Environmental & Technology Site (REFTS), near Golden Colorado 

resulted from past outdoor storage practices and subsequent 

remobilization due to inadequate cleanup practices. Until 

now,human-health and ecological r i s k  assessments have not been 

performed because of a lack of sufficient information regarding 

the spatial extent of Pu-239+240 in soils. The purpose of this 

work was to elucidate the extent of Pu-contamination in surficizl 

soils, and to assess the uncertainty associated with the spatial 

distribution of Pu-239+240 around RFETS. 

Four data s e t s  w e r e  collected or compiled f o r  this 

investigation: (1) samples collected from 2 4 0  plots of 1.01- 21: 

4.05-hectare by cornpositing 25 evenly-spaced samples from 5.i.e 

upper 0.64 cm in each plot, ( 2 )  samples collected from the I;C+T 

5 cm of soil in 167 of the same 240 plots by composlcing -‘J 

samples from the center of each glot, (3) historzcal aaca 

compiled from samples collected between 1969 and 1973, CZCS:~E:+: 

to be the most indicative of the original release, and ( 4 )  ::.e 

- n  - 

exhaustive data set that contains the samples from 1, 2 ,  t I l C  : 1 -  

- P - .  - well as numerous unpublished data sets collected between i s  

1 9 9 4 .  These l a t te r  samples varled in depth and mecnod of 

sapling. ?lutonium activity reported ix the exhaustive aaz? - - -  

racged from 0.03 3q/kg to 407000 3q/kg with a mean of 1443 3; 

c 

median of 6.5 Bq/!<g, standard deviation of 18463 Sq/kg, and :: 

coefficisnc of variation of 12.5. 0 



3 

The technique of nonparametric indicator kriging was used to 

model f o u r  conditional cumulative distribution functions (ccdf) 

of Pu-239+240 in soils around RFETS. Each of the ccdf was used to 

generate an E-type (mean of the conditional cdf) surface. The 

resulted surfaces were consistent with the hypothesis that the 

westerly winds were the dominant mechanism of Pu dispersal. Other 

processes, such as downstream transport of sediment along local 

. southeast-trending drainages, may have additionally moved small 

amounts of Pu. 

The E-type surface configuration constructed in this study 

did not agree with the size and shape of the southeastern plume 

proposed by earlier studies. Results of these earlier studies 

were used to correlate rates of cancer incidence with activity of 

Pu in supposedly contaminated soils (based on the proposed plume) 
@ 

in the greater Denver area. The E-type maps generated in the 

current study illustrate the inadequacy of past investigations; 

which relied on small and poorly spaced data sets to formulate 9 

human-health and ecological risk. 

The ccdfs were also used to construct probability of 

exceedence maps of Pu-239+240 -2 soils. For the purpose of this 

report two threshold values for ::?e probability maps were 

selected: (1) the mean and the ?.:;hest measured global fallout of 

Pu (1.48 and 2.96 Bq/kg, respeccl./oLy), and ( 2 )  the programmatic 

preliminary remedlation goal f o r  rssiaential occupancy scenario 

(126 Bq/kg) . 
estimates of spatial unkertaint?. 2ssxisced with each threshold. 

The probability-of-esceedence maps provide 



The E-type maps in conjunction tith the pr 

maps provide a robust framework for future 

landuse decisions. 

Ibability-of-exceedence * e  
cleanup options and 



Introd uction 

5 

Plutonium contamination of soils around Rocky Flats 

Environmental & Technology Site (RFETS), located north of Golden, 

Colorado originated primarily from a former storage site where 

steel drums were used to store plutonium-contaminated industrial 

oils from 1958 to 1968 (Krey and Hardy, 1970; Seed et al., 1971). 

Plutonium-contaminated oils leaked from the deteriorating drums, 

. resulting in contamination of surface soils. Plutonium particles 

entrapped in the fine fraction of the surface soils were 

subsequently airlifted by winds and deposit.ed on soils in an east 

and southeast-trending plume (Krey and Hardy, 1970; Seed et al., 

1971; Poet and Martell, 1972; Little et al., 1980). 

Several studies have been conducted to assess the spatial 

distribution and total inventories of Pu in soils around RFETS. 

Krey and Hardy (1970) sampled 33 sites located as far as 64 km 

east, south, and north of RFETS, to establish a Pu-239+240 

contour map around RFETS (Figure 1). The small number of soil 

samples resulted in significant-extrapolation over large 

unsampled areas and relied heavily on a few individual data 

points. Krey and Hardy (1970) did not explain the rnethod they 

used for construction of Pu-239t240 contour map. 

Seed et al. (1971) produced an isopleth map using data frsm 

135 soil samples. This map differed significantly from the 

previous contour map (Krey and Hardy, 1970), especially in th2 

magnitude and extent of Pu activity in scils located off 

plantsite (Figure 1). The isopleth map (Seed et al., 1971) was 



produced by dividing the area into 17 sectors where the soil data 6 m  
f o r  each sector were curve-fitted using the least-squares method. 

This method estimated the activity of Pu in the soil as a 

function of radial distance from the source of the contamination. 

However, this interpolation technique did not provide any measure 

of the reliability of the estimates. Therefore, the probability 

of misclassification by interpolation error cannot be known. 

Krey (1976) constructed a second isopleth map of Pu in soils 

around WETS (Fig. l), which represents the direct contribution 

of Pu from WETS to the soil environment. That is, it shows RFETS 

Pu versus global-fallout Pu. Global-fallout Pu in the Denver area 

was estimated to be 0.62f0.18 Bq/kg. Krey's (1976) isopleth map 

was constructed using data from 2 2  soil samples taken from as far 

as 60 km north and southeast of 3FSTS.  Once again, Krey (1976) 

did not describe the method by which the Pu-deposition contours 

were constructed or the error associated with each contour. This 

latter isopleth map was the prernise of the cancer-incidence 

assessment for the Denver area \ ; 'ohson,  1981). 

Johnson (1981) asserted that ex;csl-lre of a large populaticn in 

the Denver area to Pu released k y  ?.?ETS increased the cancer 

incidence by more than 16 percenc fzr population adjacent to the 

plant (Figure 1). The excess cases 3 f  cancer according to $hat 

study were leukemia, - lymphoma, xy~l~rna, and cancer of the lucg, 

thyroid, breast, esophagus, stcrr.ac?., and colon. The corre1ac;on 

between cancer incidence and Pu 13 soils was achieved by 

readjusting and superimposing cers:is Eracts on areas east and 



' southeast of the plant confined by Pu isopleths (Figure 1). 7 

Obviously, this paper generated tremendous controversy that 

embroiled federal, state, and local officials, asswell as the 

scientific community (Hamilton, 1983; Crump et al. 1987; Johnson, 

1983, 1984, 1987). One of the major criticisms regarding 

Johnson's paper was that the Pu isopleths depicted in Figure 1 

were constructed with little data (< 18 soil samples) and no 

uncertainty analysis was ever performed. 

The main goal of the current work is to provide a complete 

appraisal of the spatial extent of Pu-239+240 in soils around 

WETS. This appraisal would form the basis for human health and 

ecological risk assessment. This work supports some of the 

remedial investigations and feasibility studies at RFETS. The 

objectives of the present study are to: (1) assess the spatial 

distribution of Pu-239+240 in soils around RFETS using robusr- 

geostatisticai techniques, (2) provide a measure of uncertair.c:: 

to the spatial estimation of Pu-239+240, and ( 3 )  ascertain tr.2 

uncertainty associated with past and present estimates by 

comparing the present distribution of Pu-239+240 in the soils 

with published maps. 

Geostatistical ADDrOaCh 

A determination of the spatial distribution of Pu-239t:;. _ .  

the soil can be performed using geostatistical techniques SL::: . 

kriging. 

techniques that design to minimize error-variance. Ordinary 

kriging (OK), which was'recently used by Litaor (1993) to 

Kriging is a generic name for a group of estimati:r. 



estimate the spatial distribution of Pu-239+240 in soils of 8 a  
WETS, is sensitive to strongly positively skewed distributions. 

This sensitivity may result in underestimation of Pu-239+240 in 

highly contaminated areas and overestimation in areas of low 

contamination. The most severe limitation of OK, however, is the 

difficulty of assessing the reliability and the risk associated 

with its estimates. The term risk is used here in the context of 

the probability of misclassifying an area below or above a 

certain cleanup threshold. 

There are several geostatistical techniques that model the 

spatial uncertainty of a given contaminant in the environment 

rather than produce an 'optimal' estimator. These techniques 

include indicator cokriging, probability and indicator kriging. 

Indicator kriging (IK) was chosen for the present study because 

as a nonparametric method, it is free from any distributional 

assumptions and resistant to a highly skewed distribution and 

outliers. Indicator kriging is-als,o a faster and simpler 

procedure, compared to Fore elaccrace techniques such as 

indicator cokriging and probabllicy kriging, but has similar 

accuracy (Goovaerts, 1994) . 

- 

The following is a brief iisc-lssion of the principles of 
- 

IK, as pertains to estimating :?-e sgacial distribution of Pu- 

239+240 in soils around - RFETS.--.I. zzrnplete mathematical treatment- 

and formalism of IK and the thecrL- 'sehind parametric and 

nonparametric spatial-estimatizp. :echniques can be found in 

- -  

. .. 

- 

Journel (1987) , Isaaks and SriYJ7zz~~~.-~ :i98Q), and 3eutch and 
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Journel (1992) among others. 

The spatial distribution of a contaminant Z(u) in the soil 

environment can be derived from its conditional cumulative 

distribution function (ccdf). The ccdf model is a function of the 

location u of the unkown and the threshold value zk. The 

robustness of the ccdf relies on the sampling design and the 

location (u) of the samples. 

probability that a contaminant (e.g., Pu-239+240) at an unsampled 

location is. greater than a given threshold value, and is related 

to the proportion of the data above that threshold. This 

relationship accounts for the proximity of available information 

to the unsampled location, a given threshold value, and the 

The ccdf is used to determine the 

overall sampling design. 

The cumulative distribution function (cdf) of a contaminant 

Z (u) can be modeled by: 

where I (n) represents conditional 
zk is the cutoff value, and u is 

information. The notation F (u; z ,  1 

available infomation, 

the location of the available 

n)) represents a function of 

both the threshold value zk and the available infomation [ ( n ) .  

The essence of IK is the indicator coding, which transfcr7.s 

the concentration of the contaminant at each sample location 1::; 

a ccdf of Z(u). The indicator coding of the ccdf is partiticnee 

into a set of K indicacgr rancon functions I ( u ; z , )  defined f.=r 0 



different cutoff values zk: 

The indicator coding described in Equation 2, can be 

estimated at unsampled locations using IK, which provides a 

least-squares estimate of the ccdf at cutoff zk: 

where, I(u;z,) is the indicator value, which is set to 1 if the 

Pu-239+240 activity at location u is higher than the specified 

cutoff z,, and is set to 0 if it smaller or equal to this cutoff 

. _  value (see equation 21, I*(u;z-k) is the estimated indicator value 

ranging between 0 and 1, and ka is the kriging weights. The 

kriging weights ki are constrained only by the following order 

relations: 

and 

~- _ -  - ~ 

- - where zk and - z ~ - ~  - are threshold values. 
- 

The IK is repeated for a series of K cutoff values zt, which 

generate a discrete range of known contaminant values in the 

soil. The ccdf assembled from the i< indicator kriging estimates 
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(defined in Equation 3 )  represents a probabilistic model for the 

uncertainty about the unsampled location z ( u ) .  The probability of 

exceedance of a given threshold K (e.g., global-fallout of Pu- 

239+240)  is described by: 

Prob ( Z ( u )  > Kl(n)) = 1- F(K;ul(n)) 

In practice, the spatial distribution of Pu-239+240 in the 

soil environment of RFETS was assessed according to the following 

steps: 

'(1) A general exploratory data analysis in which univariate 

statistics were performed, and the benefits of data 

transformation and declustering were assessed; 
I 

(2) K threshold values for the calculated ccdf were selected. 

Generally, 9 cutoffs defining :?.e standard ccdf were considered; 

(3) Indicator semivariograms were cDmputed for the 9 cutoffs zl< : 

n f h )  

where n(h) are data pairs separscsa by the distance h. 

The indicator variogram for a pzr-lcular threshold value 

[2yI(h;z,)] measures the degree .;f spatial correlation of the 

indicator variable I(h;zk), over 3 given area. The indicator 

variable provides the relation cf cDncaminant activity (e.g., 

239+240) in a given location w r c h  rispect to a specific cutoff 

?u- 



2,; 

(4) The accuracy of IK in estimating the ccdf.at the 9 cutoffs 

was examined by a cross-validation analysis. This'analysis 

consisted of estimating the probability of exceedence of a given 

cutoff at a datum location where the Pu-239+240 activity was 

temporarily removed from the data set. This procedure was 

repeated at all data locations. The true probability of 

exceedence at a given cutoff was compared against a computed 

value at that cutoff; 

(5) The ordinary indicator kriging algorithm was used to generate 

cumulative indicator functions as described by Equation 2, and 

compute the probability estimates for the unsarnpled area at 

specific locations. In general, a 5500-m search radius was used 

with a minimum of 4 and a maximum-of 10 data points required to 

estimate a value at a point. The ordinary indicator kriging 

equations were solved for all the 9 cutoff values. This provide? 

the uncertainty through the 9 discrete cdf values F(u;z,l(n) ) .  

Order relation problems were corrected according to the 

constraints given in Equations 5 and 6; 

( 6 )  The cdf for any required quantile or probabilities of 

exceeding a threshold value of interest (e.g., global-fallouE F,. 

was obtained by linear interpolation: 
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cutoff values Zk and Zk+l ;  and 

(7) The E-type estimate (mean of the ccdf) was computed using the 

following equation: 

where z'E(u) is the E-type estimate at location u, z ' ~  is the kch 

class mean computed by Equation 8, and z k  and zk+l are class 

bounds that define the interval of variability of Z(u). The cdf 

of Pu-239+240 activity in the soils around RFETS showed a large 

positively skewed distribution (see below), thus, the upper tail 

of this cdf was calculated using a hyperbolic -, model: 
I 

, 0 t 1, zw * E .  >o F,,(z) = 1 - - E 

ZW 
(10) 

where E is a scaling parameter cha t  allows identification of a 

pre-calculated quantile value, o is a power parameter that 

controls how fast the cdf reaches i c s  upper limit, and z 

represents Pu-239+240 activity. 

- 

The IK analysis was perforxd sislng GSLIB - the 

geostatistical software library ~ E C !  user's guide (Deutsch and 

Journel, 1992). 

Field SamDlina Techniaues 

Prior to the approval of zsr-ssrucEion activity, the Stat? ;.E 

Colorado requires ameliorative trsacment of soils with P u  

activity greater than 33.3 Bqikq ' 5 3 2 ,  1 9 7 5 ) .  To evaluate the a 



soil-PU values relative to this guideline, the Colorado 

Department of Public Health and Environment (CDPHE) sampling 

protocol was used (CDH, 1977). This sampling protocol requires 

the collection of 25 equally-spaced subsamples, to be cornposited 

within a 4 . 0 5  ha area for Pu analysis. The soil at each 

individual location was sampled with the CDPHE sampler, 

designed to obtain a sample from the upper soil surface 0.64 cm 

deep, and from an area 5-cm wide by 6- cm long. 

which was 

Because the CDPHE sampler collects only the top 0.64 cm of 

the soil, the sampler exhibited a serious problem in locating the 

boundary between the soil surface and the litter layer 

accumulated above. Hence, a comparative study was conducted to 

assess actinide activity using the CDPHE and the so-called Rocky 

Flats (RF) sampling techniques. The RF sampling protocol dictated 

that soil samples are collected by driving a 10 X 10-cm cutting 

tool S-cm deep into undisturbed soil. Five sub-samples were 

collected from the corners and the cencsr of two one-meter 

squares, which were spaced one meter apart in the middle of sac2 

sampling plot. 

Soil SamDlina Desian for the CDPYE & RFT Data Sets 

The soil sampling design in the area within RFETS was 

described by Litaor (1993). In summary, eighty four contigucus 

4.05 ha plots in different directions and distances from the 

former storage site, and 34 1.01 ha plocs in close proximity 'I; 

the former storage site were sampled. 

The optimal number'of soil samples and the optimal disc3r.z- 
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between the plots off plantsite was determined using sampling 
a 

strategy algorithm for soil sampling suggested by McBratney et 

al. (1981). Past soil sampling programs in areas east of RFETS 

provided sufficient information (120 soil samples) to compute the 

optimal sampling design (DOE, 1992). Optimum sampling for the 

.- 

purpose of this report is defined as the statistically objective 

determination of a distance between samples that achieves the 

. desired estimated error (16.6 Bq/kg). 
, 

The boundaries for the surficial soil sampling in areas east 

of RFETS were determined on the basis of the smallest contour 

value (11.1 Bq/kg) provided by Krey and Hardy (1970). The 

computed optimum sampling interval for the grid spacing between 

plots, within these boundaries was 1750 m. To reduce the 

estimation variance even further, the optimal sampling interval 
' @ ' 

was decreased to 1000 m between grid plots. Because the 

semivariogram was isotropic, the 1000 m grid -space was used in 

all directions. The actual location of the plots was also 

impacted by past and present land-use practices, access refusal 

by land owners, and significant growth in residential and 

commercial areas east of RFETS during the last 20 years. 

Additional Data Used in Geostatistical Analvsis 

To increase the number of soil samples, so that the ccdf 

would be based on a larger data set, an additional 70 samples 

from earlier soil sampling programs in areas between the Great 

Western Reservoir and Standley Lake were added to the current 

study (see Fig. 1). These previous sampling programs included the 

\ 



l6 0 
Jefferson County remedy-land study conducted in 1991 (Guillaume, 

- 

1991, unpublished data), the remedial-action program on Jefferson 

County open space (Illsley, 19871, and the soil sample collection 

and analysis for plutonium on lands adjacent to Great Western 

Reservoir (Illsley, 1985). 

These earlier soil sampling programs used the CDPHE sampling 

protocols, but lacked formal QA/QC documentation. The benefits of 

increasing the number of data used to describe the ccdf 

outweighed the lack of QA/QC documentation for the earlier soil 

studies. Hence, 206 4.05-ha plots and 34 1.01-ha plots were used, 

for a total of 2 4 0  sampling plots. 

Historical and Exhaustive Data Sets 

To assess the difference between past work and the current 

effort, two additional data sets were compiled: (1) the 

historical data set, and ( 2 )  the exhaustive data set. The 

historical data set consists of soil.samples-that were collected 

between 1969 and 1973 and were identified (ChemRisk, 1994) to 

best represent the magnitude of release and transport of Pu- 

239+240 from the former storage  si:^. All the data compiled by 

ChemRisk, 1994 was used in this 3r.slysis. 

The exhaustive data set, incl.ides the current soil sampling 

effort (CDPHE and RF sampling przcedures), the historical data 

set, the annual soil sampling-przgrm (RFP,  1992) , survey of Pu - 

in Colorado soils by CDPHE (Jones z c a  Zhang, 19941, and numerous 
- 

other unpublished, past and recert sail sampling programs. The 

compilation of the exhaustive dz:a s e t  Faid no attention to 



sampling technique, time of collection, and location. The 0 17 

redundancy in PU data of the current soil sampling (i.e., samples 

collected by<CDPHE and RF sampling procedures in 'the same plot) 

was eliminated from the exhaustive data set, by including the 

highest activity per plot. 

Laboratom Analvsis 

The Pu-239+240 activity in the soil samples was measured by 

alpha spectroscopy at several commercial laboratories. The soil 

samples were digested in HN03 and HF using a microwave 

dissolution procedure (Lamothe et al., 1986; Fischer, 1986), and 

the Pu oxidation state was adjusted with NaN02. The solution was 

then passed through an anion-exchange column to separate the Pu 

from the solution (Talvitie, 1971). The Pu was eluted from the 

column with HC1-NH4I solution, acidified with HN03, and the 

resulting eluent was heated to dryness. The sample was 

redissolved and electroplated onto stainless-steel discs. Upon 

completion of the electroplating, NH40H was added to the s o i . i E i : n  

to prevent redissolution of the 2u-bearing deposit. 

RESULTS AND DISCUSSION 

ZxDloratorv Analvsis 

. @ 

Plutonium activity in soils around RFETS is summarized LT. 

Table 1. All data sets exhibited a highly positive skewed 

distribution that required a nonparametric spatial-estimatisz 

technique to ascertain the spatial distribution ana its 

uncertainty. The effect of few outliers on the mean and the 

variance of the ccdfs of these data secs are obvious. The 0 



l8 e exploratory analysis also indicated that results from the current 

sampling program showed higher activities of Pu-239+240 in soils 

(i.e., mean, median, quantiles, and outliers) than did the 

historical information. These findings were expected because of 

I 

the current extensive and contiguous sampling near the former 

storage site. 

VarioaraDhv 

The ccdfs summarized in Table 1, provided the nine cutoffs 

from which nine indicator variograms for each data set were 

modelled. The nine indicator variograms showed strong spatial 

correlation of Pu-239+2'40 for each data set and cutoff examined 

(Figure 2). 

Cross-Validation Analysis 

The model parameters for indicator variograms were tested 

using the cross-validation technique. Indicator values at each 

cutoff were kriged and the mean ,ai Soch actuals and estimates 

computed. Each cutoff represents a value of the underlying cdf, 

thus the mean estimated value should be favorably compared with 

the known mean at that cutoff. Fsr example, if the first cutoff 

represents the value greater thaz 3'1 eqidal to ten percent of the  

data, the mean of the actual ana esLimated indicators should be 

... 

approximately 0.10. Significant cieviation from the underlying ccif 

would suggest - -  a problem-with the mdel variogram. The validation - 

results using isotropic models 3.r~ summarized in Table'2. The 

validation results for all data set; Irdicated that the models 

adequately represent the underlylnq c~i,fs: Cross-validation 
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analysis conducted on anisotropic models did not improve the c 
estimation results, thus the isotropic indicator variograms were 

used in the IK analysis. 

E - W e  Estimate o f Pu-239+240 in Soils Around RFETS 

The E-type estimates of Pu-239+240 activity, which is the 

expected mean value of the ccdf at each specified grid point 

(Equation 9) for the 4 data sets, are depicted in Figures 3 

through 6. The E-type estimate, E(z*(u)), is considered the 

closest possible to the true value, Z(u) (Goovaerts, 1994). The 

E-type estimates of Pu-239+240 calculated for the CDPHE and the 

RF soil data, as well as for the exhaustive data set, show a 

clear west-east trend. This trend is characterized by high values 

near the former storage area, with a rapid decline towards the 

eastern plant boundary and the residential areas east of Indiana 

Street. To the north and south of RFTES, Pu-239+240 activity 

rapidly decreased with increase distance from the site (Figures 

3, 4, and 6). The E-type estimate generated from the exhaustive 

data set also suggested that the areas west of RFETS have not 

been significantly impacted from the plant activities (Figure 5 1 .  

I) 

The west-east pattern generated by the E-type estimates 

reflects wind dispersion consistent with the prevailing winds 2~ 

RFETS (Krey and Hardy, 1970). These findings reaffirmed previous 

studies that suggested eolian transport of resuspended soil 

' 

I 

particles was the dominant process in the dispersion of Pu- 

239+240 in the environment (Seed et al., 1971; Little et al., 

a 1980;. Litaor, 1994; 1995'a; 1995b). 
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The Pu-239+240 E-type estimates (illustrated in Figures 3 ,  

4 ,  and 6) differed significantly from the previously published 

maps (see Figure 1). The southeastern component of the plume 

reported by Krey and Hardy (19701, Seed et al. (19711, and Krey 

(1976) was not confirmed by the present work. Two samples in the 

1) 

southeast direction that were taken along the southeastren 

drainage system at different distances from former storage site 

(within RFETS' boundaries) exhibited Pu-239+240 values of 207 and 

270 Bq/kg, but most of the surrounding plots exhibited 

significantly lower Pu-239.+240 values (1.8 to 125 Bq/kg) . Hence, 
the E-type estimate surfaces did not predict a southeast plume. 

The source of these somewhat higher values for Pu activity in the 

southeast direction is unclear. One possible mechanism within the 

RFETS boundaries is sediment transport along the local 

southeast-trending drainage. Johnson et al. (1976) showed that 

sediment samples taken from the Woman Creek drainage system 

approximately 2 km east of Indiana street, exhibited Pu- 2 3 9 + 2 4 0  

activity from 3 to 67 times greater than soil samples taken away 

from the flood plains. Their finding strongly supports the 

interpretation that Pu-239+240 dispersion in the environment was 

facilitated by dominantly eolian processes, with some sediment 

transport along the southeast-trending drainage. These findings 

also illustrate the danger in using-an inadequate data sampling 

and analysis design f o r  estimating the extent of Pu dispersal in 

the' soil environs. 

I 

The E-type estimate generated from the historical data s e t  

a 

- 

a 
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(Figure 5) did, however, produce a southeastern plume somewhat 

similar to the map by Krey and Hardy (1970). This southeastern 

plume was predicted as a result of the inclusion of data from one 

soil sample near Indiana Street that exhibited Pu-239+240 higher 

than 185 Bq/kg (Figure 5). There are few soil samples around this 

locale, hence the E-type estimate configuration was heavily 

influenced by this outlier. The proximity of this soil sample to 

Woman Creek suggests that sediment transport down the southeast 

drainage system may have been the predominant process of Pu- 

239+240 transport in the southeast direction, rather than eolian 

transport. 

This E-type estimated plume did not, however, extend as far 

south and southeast as the plume proposed by Krey (1976). Krey 

extrapolated the contours in the southeast direction to the 

equivalent of 0.11 and 0.07 Bq/kg. Johnson (1981) extrapolated 

even beyond Krey's map, and contsured a 0.03 Bq/kg isopleth to 

fit the censor tracts of cancer incidence in the Denver area 

within these isopleths of Pu-contaminated soils (see Figure 1). 

There are only few data points z 3  support such an extrapolation. 

For example, in the historical 3 2 ~ 3  set, less than 1 percent of 

the data exhibit values in tne rir.ge of 0.11 to 0.07 Bq/kg. Even 

in the exhaustive data set, lsss :?.an 1 percent of the data 

exhibit values 'between 0.11 and : . : a 7  3q/kg. Moreover, none of the 

E-type estimates regardless of 2313 sst used generated a 

southeastern plume similar to z?--.t :ne depicted by Krey (1976) and 

Johnson (1981). The isopleth car:+rns a f  2.96 Bq/kg and 1.48 @ 

I ~~ ~~~ ~ 



22 e 
Bq/kg depicted in Figures 3 to 6 exhibit random distribution 

which is characteristic of global-fallout Pu rather than an 

eolian dispersion pattern attributable to RFETS releases. These 

findings cast a serious doubt on the very basic premise of 

Johnson's work; namely, there is a strong correlation between Pu- 

contaminated soils and the incidence of cancer in the Denver 

area. 

There are several additional points that can be made from 

detailed analysis of the E-type maps of the four data sets. 

First, the upper limit contour of the isopleth maps produced by 

the E-type estimates was 370 Bq/kg, because only 10 percent of 

the data were higher than 370 Bq/kg (Table 3 ) .  All the values 

above 925 Bq/kg are clustered around the former storage site. 

Large variability of Pu-239+240 activity was observed in this 

area. For example, soil samples collected in a plot immediately 

east of the former storage site using the CDPHE sampler exhibi: 

53650 Bq/kg of Pu-239+240 (Litaor, 1995b). TWO additional 

samples collected from the same plot using the RF sampling 

protocol exhibited 14060 Bq/kg, and 407000 Bq/kg of Pu-239+21: 

Several plots in this area featured similar variability. 'This 

large variability probably resulted from the 'hot particles' 

phenomenon of Pu-239+240 in highly contaminated soils. Hence, - . 

assessment of the area characterized by ?u-239+240 values h:;r.-tr 

than 925 Bq/kg should be achieved from Lhe actual observed : 2 - .  

- _ _ -  - 

- 

- 

(mainly contiguous soil sampling plots) rather than spatial- 

estimation techniques. 
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Second, the source of the somewhat higher Pu-239+240 

activity (as much as 12.9 Bq/kg) near the junction of Indiana 

Street and Highway 72 is unknown. Most of the soil samples around 

this locale are well within background activity of Pu-239+240 in 

soils of Colorado (Table 4). Eolian dispersion of a Contaminant 

is usually a fairly continuous phenomenon; therefore, the lack of 

spatial support around this locale is inconsistent with the 

interpretation of eolian transport. This locale exhibited 

consistently higher values of Pu-239+240 (e.g., Krey and Hardy, 

1970). Further study of Pu isotopic ratio is underway to assess 

the origin of the Pu at this locale. 

Finally, the E-type estimate generated from the CDPHE soil 

sampling data (Figure 3 )  is remarkably similar to that of the RF 

soil sampling data (Figure 4). Moreover, there was no significant 

difference in Pu-239+240 activity in soils collected with the 

CDPHE sampler versus the RF sampler (Table 5 ) .  These findings 

suggest that for the purpose of sgatial estimation of Pu-239+240 

for human and ecological risk assessments, the soil sampling 

technique has little effect on the autcome of the analysis. 

Probabilitv o f Exceedina a Thresr.old -lalue 

Several maps of conditional ?robabilities were generated to 

provide areas of uncertainty aroma the isopleths of the E-type 

estimates. To create these maps, z h r e e  threshold values were 

selected; the first two values rspressnt values of global-fallch;: 

Pu in the Denver area, and the cF.:ri 1s the programmatic 
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Global-Fallout Pu t 

The global-fallout Pu values are based on the work by Krey 

(1976) who calculated the global-fallout Pu in the Denver area 

using Pu-24O/Pu-239 ratios, and found that areas as far as 17 km 

east and southeast of the plant were impacted by Pu from RFETS. 

The CDPHE has identified several remote locations thought to 

' represent background levels of Pu-239+240. The Pu-239+240 

activity for soils collected from these area in 1989 using the RF 

sampler, ranged from 0.51 Bq/kg to 2.84 Bq/kg, with a mean of 

1.23 Bq/kg (Table 4 ) .  These values are higher than those reported 

by Krey (19761, even though the sites are considerably farther 

away from RFETS. These values are also higher than values 

reported by CDPHE for the same locations, when the CDPHE s o i l  

sampler was used (Schmidt, 1994 unpublished data). More recently, 

Purtpun et al. (19901 studied the impact of global-fallout IC cn 

remote areas in Southern Colorado and Northern New Mexico. They 

showed that Pu-239+240 activity collected from soils ranged from 

0.04 Bq/kg to 2.99 Bq/kg, with a mean of 1.13 Bq/kg (Table 4 ) .  -A 

background characterization study for surficial soils is 1 

currently being conducted along the Colorado Front Range and t h e  

Eastern Plains. Preliminary results of this background study 

indicate a Pu-239+240 activity that-ranges from 0.62 Bq/kg to - 

2.66 Bq/kg with a mean of 1.4 Bq/kg and median of 1.25 Bq/kg 

(Table 4). 

This survey of global-fallout Pu across the State of 
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Colorado suggests a large range of Pu-239+240 activities, a 
probably due to weather patterns, surficial soil processes, and 

land-use practices in the last 30 years, as well as error 

associated with the various soil sampling techniques and 

laboratory methods employed. In the present study, we selected a 

threshold of 2.96 Bq/kg as the uppermost representation of 

global-fallout Pu and 1.29 Bq/kg as its mean. 

Probability maps clearly demonstrate the large uncertainty 
/ 

associated with the E - t y p e  estimate isopleths (Figures 7 6r 81.  

Areas within 4 km radius. east of the plant's.outer boundary 

(i-e., Indiana Street), exhibited a greater than 80 percent 

probability of exceedance the mean global-fallout Pu . However, 
areas, only 7 km east of the outer boundary exhibited a less than 

2 0  percent probability of exceedance the mean global-fallout Pu. 

This uncertainty must be taken into account when attempting to , 

- 

correlate the potential environmental and human health risks from 

RFETS-derived Pu on the Greater Denver area. 

Cleanw OD tions for  Environmental- Restoration 

Risk-based programmatic preliminary remediation goals 

were computed for radionuclides i n  soils in RFETS (DOE, 1994). 

These PPRGs were based on both residential and commercial/ 

industrial scenarios. The PPRG calculations followed USEPA (1989; 

1991) guidance and were supplemented with RFETS-specific 

information (Hopkins ,  1994, personnel communication). A PPRG of 

126'Bq/kg of Pu-239+240 in soil was computed to meet the 

stringent requirements Of a residential scenario. Map showing the 

(PPRG) 

e 
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probability of exceedance of the computed PPRG for residential 

scenario at RFETS has been produced (Figure 9). This map 

delineates the areas declared potentially hazardous, on the basis 

of the residential scenario using the estimate Pu*(u) > 126 

Bq/kg, providing the probability 1 - a(u) to make a correct 
remediation decision for all locations (u) such that Pu* > 126 

Bq/kg at a given probability will follow: 

Under these conditions, most of the land east of the former 

storage site within the buffer zone of RFETS will need to be 

remediated to meet the residential scenario requirements. The 

cleanup of such a large area (1,469,110 m2 at 80 percent 

probability) is probably unrealistic in terms of cost, waste 

generation and land reclamation E O  minimize slope erosion that 

must follow such a large-scale removal of the top soil. 

Concluding Remark 

This study has provided a ccmcrehensive appraisal of the 
. . 

extent of Pu in the soil envirocs. This appraisal can serve as 

the basis for future human and zczlzgical risk assessment. The 
. -  study provided the background 2z::rTation required for selecting 

remedial actions and/or correcti-,-e neasures for cleanup. It also 

clearly.delinated the areas that might be addressed for Natural 
- -  

Resourc-e Damages. The study- demcrsrrated the importance of a 

comprehensive approach for charzcx+rizing the spatial extent of 

contaminants in the soil envirccs. This approach must rely on s 

large data set obtained’from the zr.sil:,.sLs of reasonably spaced 
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samples, in order to build a robust ccdf. The ccdf e 
generate an E-type estimate (mean of the ccdf) and 

was used to 

probability- 

of-exceedence maps. These maps illustrate the inadequacy of past 

investigations that relied on small data sets obtained from the 

analysis of poorly spaced soil samples to formulate a conclusive 

human or ecological risk statement. These probability-of- 

exceedance maps may also be used to support clean up and future 

land use decisions. 

, 
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1. Summary  statistics of Pu-239+240 in the four data sets. Units are in 
3q/kg 
'Statistics I CDPHE 

1 

' m a u s  t ive EiFP Historical 

240 ' N u m b e r  of Data 240 167 7 5 0  

I Mean 948 6068 836 

7437 

1722 

19906 'Std. Dev. 4477 40848 

4.7 6.7 Coef. of Var. 
Maximum 

Upper Quartile 

8.8 

111000 

11.5 

407000 407000 53761 

159 

35 

742.5 

17.03 Median 

2.7 1 2 . 6  11.85 Lower Quartile 7 . 2  

Minimum 0.11 

Skewness 8.9 

Kurt os is 94.1 

0.003 0.037 

69.7 200.7 289.9 



0" 
Table 2. Indicator Variogram Model Validation usins the exhaustive data set. 
Similar analysis was performed for the other data sets with similar results 
(not shown). 
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Cutoff for the 
Historical 
Data Set 

1.11 

1.85 

2.96 

4.44 

6.66 

Cutoff for 
the 
Exhaustive 
Data 

0.03 

0.04 

0.06 

0.10 

0.18 

Decile 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

Cutoff for 
CDPHE 

1.11 0.96 

3.70 1.92 

11.1 5.18 

18.5 10.3 

33 -3 25.9 

48.1 66.6 

114 164 

310 370 

1100 1332 

Cutoff for RF 

12.9 10.40 I 
28.4 10.77 I 

I 
I I -  

103 12.16 I 
736 110.7 



Table 4. Background activity of Pu-239+240 in s o i l s  of Colorado. Units are d8 
Krey I 
1976 

11 

0.66 

0.14 

Statistics r Pur tymun 
et al., 
1990 

S 
1.13 

1.06 

Number of Data 

EG&G, 1994 
(unpublished 
Data) 

50 

1.4 

0.5 

0.37 

2.66 

Mean 

Std. Dev. 

EG&G, 1989 
(unpublished 
Data) 

9 

1.23 

0.73 

0.59 

2.84 Maximum 

11 Lower Quartile 
Minimum 

1.70 11.75 1 
0.51 

0.78 11.77 
~ 

-0.21 1 4 . 0 7  

0.21 10.9 

0.57 

-0.S9 10.34 
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Sum of Wilcoxon 2-Sample Kruskal-Wall is 
Scores Test Test 

Method N 

RF 167 27698.5 S=27698.5 Z=-0.31 x2 = 0.09 
CDPHE 167 28246.5 Prob > lZl = 0.7 Prob > x2 = 0.8 

I 



Figure Li8t 

Figure 1. The spatial distribution of Pu-239+240 east of RFETS as proposed by 
Krey and Hardy (19701, Seed et al. (19711, and Krey (1976) as modified by 
Jonhson (1981). The original units mCi/km2 were converted to Bq/kg using 1 
gm/cm3 bulk density and 10- and l-cm sampling depth respectively. 

Figure 2 .  Indicator variograms and models for the 9 cutoffs, using the 
exhaustive data set. Similar analysis was performed for the the other data sets 
(not shown). 

Figure 3 .  E-type estimate of Pu-239+240 using the CDPHE soil technique. 

Figure 4 .  E-type estimate of Pu-239+240 using the RF s o i l  technique. 

Figure 5. E-type estimate of Pu-239+240 using the historical data set. 

Figure 6. E-type estimate surface of Pu-239+240 using the exhaustive data set. 

Figure 7. A contour map of the probabilities that the unknown Pu-239+240 
activity exceeds 2.96 Bq/kg using the exhaustive data set. Similar analysis was 
performed with the other data sets which yielded similar results (not shown). 

activity exceeds 1.29 Bq/kg using the exhaustive data set. Similar analysi 
performed with-the other data sets which yielded similar results (not shown). 

Figure 9. Contour map of the probabilities that the unknown Pu-239+240 activit: 
exceeds 126 Bq/kg using the exhaustive data set. Similar analysis was performec.- 
with the other data sets which yielded similar results (not shown). 

e5 

. Figure 8. A contour map of the probabilities that the unknown Pu-239+240 
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Analysis of Selected Metals in the Surfkial Soils of OU 2 

L.E. Allen 

M. Iggy Litaor 



I n t roduction 

During scoping of the Operable Unit 3 (OU 3) Work Plan, it was assumed that the 

lihclihood of metals contamination in OU 3 soils resulting from activities at the Rocky Flats 

Environmental Technology Site (RFETS) was very low. Wind-borne transport of metal 

contaminants resulting from industrial activities at RFETS should show a distinct distributional 

trend of decreasing concentrations with increasing distance from the RFETS industrial area. To 

investigate potential contamination of surface soils from such wind-borne dispersal, as wefl as 

the potential for metals contamination in the offsite OU 3, a statistically based evaluation of 

@ metals distribution in Operable Unit 2 (OU 2) surface soils was conducted. Metals data for OU 2 

soils were already available, and the behavior of wind-borne contaminants is such that if no 

- spatial trends of metals contamination were evident in OU 2 soils, wind-borne contamination 

from FWETS would not be possible in OU 3 soils. Therefore, the necessity of a soil sampling 

program for metals contamination in OU 3 could be determined from pattern recognition analysis 

(Journel, 1988) of metals spatial distribution in OU 2 due to OU 2’s proximity to the industrial 

area. 

The metals analyzed were specified by the Environmental Protection Agency (EPA) and 

Colorado Department of Public Heath and the Environment (CDPHE). The EPA (USEPA, 

1994) specified sampling for arsenic and beryllium in OU 2 surfkial soils. Metals on the 

e 
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CDPHE Health Advisory Panel short list of potential materials of concern have also been 

included, i.e. cadmium, chromium, lead, mercury, and nickel (Chemrisk, 1991). 

Geostatistical Analvsis 

A total of 69 irregularly spaced locations (Figure 1) were sampled for metals in OU 2. 

The GSLIB software package for geostatistical analysis (Deutsch and Journel, 1992), was used 

with its graphical user interface developed by the EG&G Rocky Flats Soil Study Team (EG&G, 

1995a) for all analyses. The commercial software package SUF2FER@ was used for data posting 

and contouring (Golden Software, Inc., 1990). SPSS@ for Windowsm was used for distributional 

testing (SPSS, Inc., 1993). 

Exploratory data analysis was conducted for each metal using the following: 

1. visual examination of concentration histogram and probability plot for each metal. 

2. distributional testing to determine whether the soil metal concentrations adhere to a 

normal, log-normal, or nonparametric type distribution. The Lilliefors test (SPSS Inc., 

1993) was used on the actual concentrations as well as their log-transforms. This test is 

related to the nonparametric Kolmogorov-Smirnov test and is used to evaluate the 

goodness-of-fit of data to hypothesized normal or lognormal distributions (Gilbert, 1987). 

3. outlier testing according to ASTM standard procedures for treatment of outlying 

observations (ASTM, 1975). 
__ - - - 

4. comparison of OU 2 soils metal concentration statistics with those from the two 

0 

_ -  
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background studies: Rock Creek and Background Soils Characterization Project.(EG&G, 

1995b). This would demonstrate if OU 2 samples were in the same range as established 

background values. 

The Lilliefors statistic for goodness-of-fit compares the sample distribution to an 

hypothesized normal distribution. The Lilliefors statistic is interpreted in the same manner as the 

more common Chi-square test and should be close to zero. 

Outlier testing by the ASTM method employs a statistic, Tn, defined as: 

Tn = (x, - x)/s 

where x, = suspected outlier 

x = sample mean 

s = sample standard deviation 

This statistic is compared to critical values of a one-sided test where the standard deviation is 

calculated from the same sample. 

Following exploratory data analysis, a spatial analysis was conducted on the distribution 

of each metal in OU 2 surface soils. The spatial analysis consisted of: 

1. Contouring of concentrations for each metal. 

2. Variogram analysis and variogram modeling. 

3 
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3. Cross validation of the variogram model. 

4. Estimation (stochastic modeling) of a grid of concentrations for each metal to provide 

a quantification of any metals contamination if spatial continuity was demonstrated. 

Contouring of metal concentrations in surface soils provides a visual means of observing 

trends that may result from a contamination source. Because a variogram is a vector function, 

(i.e. oriented in a specified direction), this visual examination of soils metal concentrations may 

provide a starting point for variogram analysis. Maps of contoured concentrations for each metal 

are exhibited as Figures 2 through 8. Only sample locations are shown for mercury as there were 

too few samples for reliable contouring. 
.- 

Variograms provide a measure of spatial variability of soil metal concentrations. The 

traditional experimental measure of variability is the semivariogram - 

where N(h) is the number of concentration pairs, xi is the concentration at the beginning of the 

vector, and yi is the concentration at the ending point of the vector. 

Typically, in the presence of extreme concentrations or in highly variable distributions, \ 

either a pair-wise relative variogram or a median indicator variogram will provide a better 

estimator of spatial continuity-than the traditional variogram (Deutsch and Joumel, 1992). In-the 
. .. - - -  - 
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pair-wise relative semivariogram each pair is normalized by +e squared average of the beginning 

and ending point concentrations: 
e 

The median indicator variogram is the traditional semivariogram calculated on an 

indicator transform, where each concentration location is assigned a value of 0 if below the 

population median and a 1 if above or equal to the median. 

Directions were specified for variograrn calculation in 45 degree increments, starting with 

an azimuth equal to 0. Change in spatial continuity with direction is known as geometric 

anisotropy and may indicate a contamination plume if observed for elevated concentrations. A 
/ 

@ tolerance window is allowed in calculation of a variogram in a specified direction because 

concentration locations are irregularly spaced. For this study, a 22.5 degree window on either 

side of the orientation angle was allowed. If a preferred orientation of greater continuity is not 

observed, the window may be increased to allow all data points into the variogram calculation, 

resulting in an average variogram. Calculated variogram values for all metals were tabled, 

showing the average distance at each lag interval with the corresponding variogram value and 

number of data pairs used in the variogram calculation. 

A mathematical model, or function, is fitted to the experimental variogram. Typical 

functions used for modeling of soils metal concentrations include the spherical, exponential, and 

power models. These models are used for metals occurring in soils naturally, as well as those 

E 
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I 1.w I I ing from contamination. In the case of contamination, an underlying model of the naturally 

t k,iurring concentrations inay be determined with an overlying imprint of higher concentrations 

dl.\irihed by a different model. 

- 

This fitted model may then be validated by using a point kriging procedure. Kriging is 

. I  tic linear technique used for estimation of a concentration grid from sample locations. Point 

Lriging is the process of estimating a concentration at each sample location using data from 

wrrounding locations, but ignoring the concentration at the location being kriged. The kriged 

estimate is then compared to the actual concentration and an error is measured. As this is 

performed for each sampled location, a distribution of errors is developed which is subsequently 

analyzed. This distribution should have a mean close to zero, with a variance approximately 

equal to the average kriging variance. A map of sample locations with posted errors should show 

spatial randomness. 

- .  
In this study, after the variogram model was validated, linear-ming was used to estimate - ._ 

a grid of metal concentration throughout the OU 2 area. A grid spacing of 60.96 by 60.96 m 

(200 by 200 ft) was used. This grid was then contoured and examined for trends. 

0 b i ec tive 

The objective of the sampling program and subsequent data analysis was to determine the. 
- 

absence or presence of spatial trends in metal concentrations in the surficial soils of OU 2. If 

metal concentrations in OU 2 soils were elevated above background values and if they exhibited 

6 
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a spatial trend, (i.e. clearly recognized plume), OU 2 soils would be considered to exhibit metals 

contamination via wind transport and dispersal, and the sampling of soils for metals analysis 

would be required in OU 3. Alternatively, if all metals in OU 2 were determined to correspond 

to background values or if metal concentrations appeared to result from localized incidents of 

contamination, then a wind-transport mechanism could be ruled out, and the sampling of OU 3 

sufiicial soils for metals analysis would not be necessary. 

METHODS 

Field SamDlinp Techniaues 

' OU 2 soil samples were collected using the Rocky Flats sampling protocol. Using this 

@ method, soil samples were obtained by driving a 10 cm by 10 cm cutting tool 5 cm deep into 

undisturbed soil. The soil sample within the tool cavity was collected and placed into a new, 

one-gallon stainless steel can. Five sub-samples were collected from the comers and the center 

of two one-meter squares, which were spaced one meter apart in the middle of each sampling 

plot. The 10 subsamples were composited into one 5000 cm3 sample for metals analysis. The 

composite sample was then split; one-half which was used for metals analysis, the other for 

plutonium analysis. 

Soil Samblinp Design 
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The sampling protocol for this study followed that deyibed for the study of Pu-239+240 

in soils (Litaor, 1995). A total of 47 regular plot locations were sampled according to the 

described protocol. The sample design also allowed for an additional 22 locations to be sampled 

where different soil types would be represented. This was done in the event that analysis by soil 

type may become pertinent to the detection and transpo~? of potential metals contamination. 

Hence, the original density of sampling for Pu-239+240 was modified to include most of the soil 

types in the area between the industrial zone and Indiana Street, and to decrease the redundancy 

of sampling plots (EG&G, 1991). 

Laboratorv Analvsis 

Metals analysis of all OU 2 soil samples was done according to the USEPA Contract 

Laboratory Program, Statement of Work for Inorganics Analysis, Multi-Media/Multi- 

Concentration. This is document number ILM02.0. 

_. DATA OUALITY 

Oualitv Control Samples 

Equipment rinsate blanks were collected to quantify possible cross-contamination, which 

could result from insufficient decontamination practices between samples. The blanks were 

collected by rinsing decontaminated sampling equipment with deionized water, placing the 

rinsate in the appropriate containers, and preserving as required. The data for equipment rinsate 

blanks indicate that the sampling practices did not produce a significant source of cross- 

- 
~ 

- 
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0 contamination between samples (Table 1). However, none of the data for mercury in the rinsate 

sample were validated and are not presented in this report. 

Field Duplicates 

Duplicate soil samples were collected systematically for the surficial soil sampling 

program (Table 2). The data from duplicate samples provide a measure of the sampling 

precision and sample homogeneity. Precision was quantified by calculating the relative percent 

difference (RPD). The RPD, expressed as a percentage, is the quotient of the difference between 

duplicate analytical results and the average of those results. A control limit of *35 percent for 

the RPD in duplicate analysis was recommended by the laboratory data validation guideline 

drafted by the EPA (USEPA, 1988). There are no established criteria determining the overall 

precision of soil sampling and laboratory analysis. The highest metal concentration for each 1) 
duplicate sample pair was used in the data analysis, so the most conservative estimate of each 

metal distribution was achieved. 

Below-Detection-Limit Data 

For purposes of constructing cumulative distribution functions for each metal, actual analytical 

results were used as opposed to an artificial truncation or value assignment below the detection 

limit, It is recognized that these low values result in higher precision errors than values above 

the detection limits, but they provide for a more natural-looking distribution @e., normal or 

lognormal without a low end spike) of values and allow for somewhat more straight-forward 

treatment during exploratory data analysis. 

I) 
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RESULTS AND DISCUSSION 

The concentrations and spatial distributions of arsenic, beryllium, cadrmum, chromium, 

lead, mercury, and nickel concentrations in soils of OU 2 are displayed in Figures 2 through 8 

and are discussed in the following text. Results are summarized in Table 3. 

Arsenic 

The histogram and cumulative probability plot (Figures 9 and 10) of arsenic'values 

suggest a distribution tending toward normal. This visual assessment is supported by the 

Lilliefors test for normality (wd.0771, p>0.2). The sample mean is 4.05 mg kg-' with a standard 

deviation of 1.32 mg kg" resulting in a coefficient of variation of 0.33. The minimum and 8 
maximum values are 0.71 and 7.40 mg kg" respectively. 

.. 

Arsenic concentrations in soils of OU 2 are below those reported for soil samples 

collected from the Rock Creek drainage area. The Rock Creek mean concentration is 5.82 mg 

kg-' with a maximum value of 8.50 mg kg". All arsenic concentrations measured in soil samples 

from OU 2 are below the Upper Tolerance Limit (UTL) of 12.86 mg kg-I, which was calculated 

using Rock Creek data. Comparison with the Background Soils Characterization Project (BSCP) 

(in progress) yields similar results; all OU 2 concentrations are below the BSCP UTL of 13.75 

mg kg". The mean of arsenic concentrations in the soils of OU 2 is lower than the BSCP mean 

- 
- -  

of 6.09 mg kg". The OU 2 mean for arsenic concentrations in soils is also below the geometric 
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0 i!ll-m of arsenic concentrations for surficial soils along the Fqont Range Urban Corridor as 

L.oniputed by the United States Geological Survey (USGS) (Severson and Tourtelot, 1994). 

Arsenic concentrations reported for the OU 2 samples were contoured and did not show 

.in! apparent trends. The spatial continuity of arsenic in the soils of OU 2 was examined using 

1 r d i t  ional, pair-wise relative, and median indicator variograms. No spatial continuity was 

oh\erved. Variogram values are shown in Table 4. 

The absence of spatial continuity precluded the need for cross validation and kriging for 

plume definition. This lack of spatial continuity, coupled with the demonstration that all arsenic 

concentrations in the soils of OU 2 fall within background ranges, indicates a lack of arsenic 

contamination within the surface soils of OU 2. 

Bervllium 

Visual inspection of the histogram of the beryllium concentrations in the soils of OU 2 

and of the cumulative probability plot (Figures 1 1  and 12) suggests a distribution tending toward 

normal. This is confirmed by a Lilliefors statistic, w=0.0668, p>0.2. 

Surface soils in OU 2 have a mean beryllium concentration of 0.68 mg kg-' with a 

standard deviation of 0.21 mg kg-' and a coefficient of variation of 0.31. One extreme value of 

1 S O  mg kg-' was determined as an outlier at the upper 0.5% significance level using ASTM 

procedures (ASTM, 1975). 
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The beryllium concentrations in OU 2 surface soils are similar to those for Rock Creek 

soil samples. The Rock Creek background data mean concentration is also 0.68 mg kg-' , with a 

maximum concentration of 0.96 mg kg'l. All OU 2 concentrations, with the exception of the 

outlier, are below the Rock Creek UTL value of 1.14 mg kg-'. The BSCP results show a similar 

mean of 0.66 mg kg" and a UTL of 1.25 mg kg I. The 1 S O  mg kg-' maximum value in the OU 2 

data set appears to be an isolated occurrence; surrounding sample concentrations are much lower. 

This high value is not within the boundaries or vicinity of any OU 2 Individual Hazardous 

Substance Sites (IHSS). The USGS geometric mean for beryllium concentrations in Front Range 

soils is 1.20 mg kg-'. 

Prior to variogram calculations, beryllium concentrations were contoured to visually 

determine if trends existed in the data. No apparent trends were observed. Traditional and 

median indicator variograms were computed; the traditional variogram shows no spatial 

continuity whereas the median indicator variogram (Table 5 )  exhibits spatial continuity, with a 

range out to 610 meters (Figure 13). 

A cross validation procedure using point kriging indicated that the median indicator 

variogram would produce satisfactory results when used for modeling of beryllium 

concentrations. Cross validation statistics showed a mean error of 0.01 1 mg kg'' , with a variance - 

of errors equal to .0392 (mg kg-')'. Examination of an error map indicated no spatial bias. 

12 



A grid covering OU 2 has been estimated using lineq kriging. Contouring of these 

results (Figure 14) showed no preferred direction of beryllium concentration in soils. Because all 

concentrations are within the range of background values, the spatial continuity can be attributed 

to the natural continuity of beryllium concentrations in soils. If metal concentrations were above 

background concentrations and had exhibited a trend, a plume would be evident. 

Cadmium 

The histogram and probability plot (Figures 15 and 16) of cadmium concentrations in the 

soils of OU 2 suggest multiple populations. These populations appear to be spatially intermixed 

overall with a localized zone of +0.95 mg kg-' concentrations on the east side of the sampled 

e area. The sample mean is 0.78 mg kg" with a standard deviation of 0.22 mg kg" resulting in a 

coefficient of variation of 0.28. - the minimum concentration is 0.44 mg kg-' and the maximum is 

1.10 mg kg". 

These cadmium concentrations are similar to those for the Rock Creek and BSCP data 

sets. The Rock Creek mean is 0.73 mg kg-' with a maximum of 1.80 mg kg-'; the BSCP mean is 

0.71 mg kg-' , with a maximum of 2.3 mg kg-'. All concentrations in the soils of OU 2 are below 

the Rock Creek UTL of 2.45 mg kg" and the BSCP UTL of 2.34 mg kg-'. The USGS geometric 

mean for cadmium in Front Range soils was not available. 
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Cadmium concentrations in OU 2 surface soils were contoured and did not show apparent 

trends. Traditional semivariograms (Table 6) as well as median indicator variograms were also 

computed and did not show spatial continuity. Lack of cadmium contamination in OU 2 soils is 

indicated by a lack of spatial continuity and by all concentration values falling within the 

background range. 

- 

Chromium . .  

The histogram and probability plot (Figures 17 and 18) of chromium concentrations in 
-. 

soils of OU 2 suggest a distribution tending toward normal. This is confirmed by the Lilliefors 

statistic, w=0.0904,p>0.2. 

The sample-mean is 10.29 mg kg-' with a standard deviation of 3.43 mg kg-'resulting in a 

coefficient of variation of 0.33. The minimum concentration value is 2.60 mg kg-' and the 

maximum value is 19.90 mg kg". 

These chromium concentrations are below those reported for the Rock Creek samples. 

The Rock Creek mean is 15.03 mg kg-' with a maximum concentration of 20.20 mg kg-I. All 

chromium concentrations in OU 2 soils are below the Rock Creek UTL of 24.85. OU 2 

concentrations are also below the BSCP values, where the mean is 1 1.29 mg kg-' and the UTL- is- 

22.21 mg kg". The geometric mean determined by the USGS for chromium in surface soils 

- 

along the Front Range Urban Corridor is 3 1 .O mg kg-'. 

14 



Contoured chromium concentrations in OU 2 soils did not show any apparent trends. 

Traditional and median indicator (Table 7) variograins were calculated and did not show spatial 

continuity. Lack of chromium contamination in OU 2 soils is indicated by a lack of spatial 

continuity and by all concentration values falling within background ranges. 

The histogram and probability plot (Figures 19 and 20) for lead in the OU 2 soils samples 

indicate a tendency toward a normal distribution, with two high concentrations of 98.3 and 145 

mg kg-'. These two data points are considerably higher than the remainder of the distribution. 

Testing of these two values according to ASTM procedures demonstrates them to be statistical 

outliers. The 98.3 mg kg" is an outlier at the upper 10.0% significance level, whereas the 145 @ 
mg kg-' concentration is an outlier at the upper 0.1 % significance level. Removal of these 

outliers results in a Lilliefors statistic for normality, w=0.077 1 ,p>0.2. 

The OU 2 sample mean of all lead concentrations i s  38.03 mg kg-' , with a standard 

deviation of 19.67 mg kg-' , resulting in a coefficient of variation of 0.52. The minimum 

concentration is 15.40 mg kg". These statistics were also computed after removing the two 

outlier concentrations, resulting in a mean of 35.53 mg kg-' and a standard deviation of 13.03 mg 

kg'l. 



If the two outliers are included in statistical calculations, the mean of all lead 

I.( inc-cntrations in soils of OU 2 is somewhat higher than the Rock Creek mean; if the outliers are 

t-tiluded, the re-computed mean is lower than the Rock Creek mean. The Rock Creek mean is 

17.5( 1 mg kg-l, with a maximum value of 5 1 .OO mg kg-I. Three OU 2 concentrations exceed the 

K t ~ k  Creek UTL of 60.2. These are 63.9,98.3, and 145.0 mg kg". The BSCP mean is 33.6 mg 

h:,. . with a UTL of 73.9 mg kg-I. Therefore, only two OU 2 concentrations in soils are above the 

RSCP UTL. The USGS geometric mean of lead in Front Range soils is 35.0 mg kg-'. 

The 63.9 and 98.3 mg kg-' concentrations occur in the vicinity of roads. A possible 

explanation of elevated concentrations of lead around roads is contamination from leaded 

gasoline (Chemrisk, 1992). The 145.0 mg kg" concentration appears to be an isolated outlier, 

surrounded by samples of much lower concentration. However; all of these concentrations fall 

within the range obsefied by the USGS for soils along the Front Range. 

Contoured concentrations of lead show localized north-south trends within an overall 

isotropic background. Local "bulls-eyes" of the high concentrations are evident. Traditional, 

covariance, and pair-wise relative variograms were computed and indicate the same trends. The 

north-south direction (Table 8 and Figure 21) shows a variogram range of 550 meters, whereas in 

the east-west (Table 9 and Figure 22) direction, the range is 395 meters. The two outliers were 

removed prior to variogram analysis. 
~ 

- -  

- 
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Cross validation results indicate that the fitted variogram model should provide a 

satisfactory estimate of gridded lead concentrations. Validation statistics indicate a mean error of 

0.57 mg kg-' with a variance of errors of 14 1.70 (mg kg-')'. The errors appear normally 

distributed around the mean. 

Contouring of kriged grid points (Figure 23) suggests a mostly random pattern with some 

localized trending in the north-south direction. This trending is apparent after the removal of 

outliers and is apparently characteristic of background lead concentrations in OU 2 soils. 

Mercurv 

Only 17 validated results were available for mercury analysis in the OU 2 soils sampling 

program. The mean mercury concentration is 0.06 mg kg" with a standard deviation of 0.02 mg 

kg-' (Figures 24 and 25). One extreme value of 0.15 mg kg" was determined as an outlier at the 

upper 0.1% significance level using ASTM procedures. 

Rock Creek statistics could not be computed because of the large number of non-detects 

for mercury. Comparison to BSCP values shows that the OU 2 mean concentration in soils is 

lower than the background mean of 0.07 mg kg-I. All OU 2 concentrations in soil, including the 

outlier, are below the BSCP UTL of 0.19 mg kg". 
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Contouring of mercury concentrations in OU 2 soils does not show any apparent trends. 

Traditional (Table 10) and median indicator variograms also do not show spatial continuity. 

However, this could be a result of the small number of samples available for analysis. 

Nickel 

The histogram and probability plots (Figures 26 and 27) suggest that nickel 

concentrations in soils of OU 2 follow a lognormal distribution. This is confirmed by a Lilliefors 

test, w=0.1027,p=0.0683. The concentration mean is 12.21 mg kg-' with a standard deviation of 

5.04 mg kg-' resulting in a coefficient of variation of 0.41. The minimum concentration is 6.40 

mg kg" and the maximum is 45.20 mg kg". The ASTM procedure for outlier testing indicates 

that this maximum value is a statistical outlier, twice the value of the second highest 

concentration. 

The mean concentration of nickel in soils of OU 2 is slightly less than the mean of the 

Rock Creek background (12.58 mg kg-' )and slightly more than the BSCP mean concentration of 

9.63 mg kg-I. Only the outlier falls above the Rock Creek UTL, while three OU 2 concentrations 

are above the BSCP UTL. The three highest concentrations occur in the same locale, on the 

. -  southeastern side of the sampled area. The concentrations are not in the vicinity of an M S S  and- - 
- 

- -  

the reason for elevated concentrations with respect to background and the remainder of the OU 2 
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I 
concentration distribution is unknown. The USGS geometric mean for nickel concentrations in 

soils along the Front Range is 6.8 mg kg" with concentrations from 5 to 70 mg kg" observed. 
' 0  

Contoured nickel concentrations do not show any apparent spatial trends. Traditional and 

median indicator variograms indicate no spatial continuity. The values for the average traditional 

semivariogram are shown in Table 1 1. 

The lack of spatial continuity of nickel concentrations within soils of OU 2 indicates lack 

of a wide-spread contamination plume. Three elevated concentrations located in the southeastern 

portion of the sampled area may be naturally high concentrations in soils, but this is 

unconfirmed. - 

Concluding Remark 

None of the metals analyzed in samples of OU 2 surface soil show evidence of airborne 

contamination, which would warrant sampling of surficial soils in OU 3 for metals analysis. All 

spatial continuity occurs in the background range of values, indicating lack of a metals 

contamination plume. Lead and nickel concentrations each have one value above the Rock 

Creek background UTL. Three of the nickel concentrations are above the BSCP UTL. Two of 

the three elevated concentrations for lead appear to be related to roadways and occur as isolated 

samples, surrounded by samples of much lower concentration. The third elevated concentration 

for lead is also isolated, but has no apparent cause. The three highest nickel concentrations occur 

in the same locale, with no obvious reason for these elevated values. This lack of elevated 
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concentrations exhibiting spatial continuity confirms the OU 2 assessment that no metals in soils 

are contaminants-of-concern. 
e 
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a Metal 
Arsenic 
Arsenic 
Arsenic 
Arsenic 

Beryllium 
Beryllium 
Beryllium 
Beryllium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Chromium 
Chromium 
Chromium 
Chromium 

Lead 
Lead 

. Lead 
Lead 

Mercury 
Mercury 
Mercury 
Mercury 
Nickel 
Nickel 
Nickel 
Nickel 

Location 
089 

099A 
104 

106A 
089 

099A 
104 

106A 
089 

099A 
104 

106A 
089 

099A 
104 

106A 
089 

099A 
104 

106A 
089 

099A 
089 

099A 
089 

099A 
104 

106A 

Table 1 

North 
746029 
744997 
750648 
749688 
746029 
744997 
750648 
749688 
746029 
744997 
750648 
749688 
746029 
744997 
750648 
749688 
746029 
744997 
750648 
749688 
746029 
744997 
746029 
744997 
746029 
744997 
750648 

Metal Concentration in Rinsate Samples 

East QC 
2089765 RNS 
2090425 RNS 
2091745 RNS 
2091745 RNS 
2089765 RNS 
2090425 RNS 
2091745 RNS 
2091745 RNS 
2089765 RNS 
2090425 RNS 
2091745 RNS 
2091745 RNS 
2089765 RNS 
2090425 RNS 
2091745 RNS 
2091745 RNS 
2089765 RNS 
2090425 RNS 
2091745 RNS 
2091745 RNS 
2089765 RNS 
2090425 RNS 
2089765 RNS 
2090425 RNS 
2089765 RNS 
2090425 RNS 
2091745 RNS 

749688 2091745 RNS 

. .  

Result UgA Detection Llmits UgA Validation 
1 10 . v  
1 10 V 
1 10 V 
1 10 V 
1 5 V 
1 5 V 
1 5 V 
1 5 V 
2 5 V 
2 5 V 
2 5 V 
2 5 V 
2 10 V 
2 10 V 
2 10 V 
2 10 V 
1 3 V 
1 3 V 
1 3 V 

- 1  3 V 
.2 .2 R 
.2 .2 R 
.2 .2 R 
.2 .2 R 
5 40 V 
5 40 ,v 
5 40 V 
5 40 V 



Table 2 Metal Duplicate Samples and Their Relative Percent Differences 

L*r.n 

A Y . l . T  

AW..< 

A v*. ,,: 

* ' V - . c  

A W 9 . C  

Aw-~c  

A V I . C  

Aw?IC 

A me- ,L 

AW?*C 

A W ~ C  

A W ? ~ C  

AWQBC 

Ament 

Arsenic 
Befyiliurn 

Begliurn 
Befyilium 

Befyilium 
Beryllium 
Beryllium 
Beylium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Beryllium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 

AM~C 

Location 
055A 
055A 
058 
058 
072 
072 
089 
089 
096 
096 

0998 
0998 
104 
104 

106A 
106A 
055A 
055A 
058 
058 
072 
072 

073A 
073A 
089 
089 
096 
096 

0998 
0998 
104 
104 

106A 
106A 
055A 
055A 
058 
058 
072 
072 

073A 
073A 
089 
089 
096 
096 

0998 
0998 
104 
104 

106A 
106A 
055A 
055A 
058 
058. 
072 
072 

1 1  North 
749000 
749000 
746689 
746689 
749658 
749658 
746029 
746029 
746689 
746689 
744987 
744987 
750648 
750648 
749688 
749688 
749000 
749000 
746689 
746689 
749658 
749658 
749856 
749856 
746029 
746029 
746689 
746689 
744987 
744987 
750648 
750648 
749688 
749688 
749000 
749000 
746689 
746689 
749658 
749658 
749856 
749856 
746029 
746029 
746689 
746689 
744987 
744987 
750648 
750648 
749688 
7496$8 
749000 
749000 
746689 
746689 
749658 
749658 

East OC 
2087126 REAL 
2087126 DUP 
2087126 REAL 
25387126 DUP 
2088116 REAL 
2088116 DUP 
2089765 REAL 
2089765 DUP 
2090425 REAL 
2090425 DUP 
2090425 REAL 
2090425 DUP 
2091745 REAL 
2091745 DUP 
2091745 REAL 
2091745 DUP 
2087126 REAL 
2087126 DUP 
2087126 REAL 
2087126 DUP 
2088116 REAL 
2088116 DUP 
2088116 REAL 
2088116 DUP 
2089765 REAL 
2089765 DUP 
2090425 REAL 
2090425 DUP 
2090425 REAL 
2090425 DUP 
2091745 REAL 
2091745 DUP 
2091745 REAL 
2091745 DUP 
2087126 REAL 
2087126 DUP 
2087126 REAL 
2087126 DUP 
2088116 REAL 
208811.6 DUP 
2088116 REAL 
2088116 DUP 
2089765 REAL 
2089765 DUP 
2090425 REAL 
2090425 DUP 
2090425 REAL 
2090425 DUP 
2091745 REAL 
2091745 DUP 

-2091745 REAL 
2091745 DUP 
2087126 REAL 
2087126 DUP 
2087126 REAL 
2087126 DUP 
2088116 REAL 
2088116 DUP 

Result 
Man<Ll 

3.2 
4.6 
4.7 
4.4 
5.5 
5.8 
4.1 
3.9 
2.5 
2.9 
4 
4 

3.1 
2.7 
5.3 
4.8 
.74 
.74 
.64 
.65 
.59 
.68 
.69 
1 
.7 
.8 

.53 

.42 

.87 

.79 

.61 
5 6  
.66 
.57 
.94 
.95 
.97 
.99 
.48 
.54 
.47 
2 
.48 
.62 
.95 
.96 
.44 
.45 
.46 
.48 
.51 
.69 
7.7 
6.3 
9.9 
7.7 
11.9 
11 

RPD % 
35.9 

' 6.6 

5.3 

5 

14.8 

0 

13.8 

9.9 

0 

1.6 

9.4 

36.7 

13.3 

23.2 

9.6 

8.6 

14.6 

1.1 

2 

11.8 

123.9 

25.4 

1.1 

2.2 

4.3 

30 

20 

25 

7.9 

Detection 
Limns 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
5 
1 
1 
1 
1 
1 
1 .  
1 
1 
1 
1 
1 

' .  1 
1 
1 
1 
1 
1 
5 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 

- -  

Validation 
JA 12 
JA 12 
JA 12 
JA 12 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 7 
JA 7 
JA 7 
JA 7 
V 
V 
V 
V 
V 
V 

JA 7 
JA 7 
V 
V 
V 
V 
V 
V 
JA 5 
JA 5 
JA 5 
JA 5 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 11 
JA 11 

52 
52 
52 

' 5 2  

52 
52 
52 
52 

5 2 .  
52 
52 
52 

52 
52 
52 
52 



Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium a c:2m 

Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 

Mercury 
Mercury 
Mercury 
Mercury 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 

Table 2 Metal 

073A . 749856 
073A 749856 
089 746029 
089 746029 
096 746689 
096 746689 

0998 744987 
099B 744987 
104 750648 
104 750648 

106A 749688 
1 06A 749688 
055A 749000 
055A 749000 
058 746689 
058 746689 
072 749658 
072 749658 

073A 749856 
073A 749856 
089 746029 
089 746029 
096 746689 
096 746689 

099B 744987 
099B 744987 
104 750648 
104 750648 

106A 749688 
106A 749688 
055A 749000 
055A 749000 
058 746689 
058 746689 
072 749658 
072 749658 

0734 749856 
073A 749856 
089 746029 
089 746029 
096 746689 
096 746689 

099B 744987 
0998 744987 
104 750648 
104 750648 

106A 749688 
106A 749688 
055A 749000 
055A 749000 
058 746689 
058 746689 

055A 749000 
055A 749000 
058 746689 
058 746689 
072 749658 
072 749658 

073A 749856 
073A 749856 

Duplicate Samples and Their Relative Percent Differences 

2088116 
2088116 
2089765 
2089765 
2090425 
2090425 
2090425 
2090425 
2091 745 
2091 745 
2091 745 
2091 745 
2087126 
2087126 
2087126 
2087 1 26 
20881 16 
2088116 
2088116 
2088116 
2089765 
2089765 
2090425 
2090425 
2090425 
2090425 
2091745 
2091745 
2091745 
2091745 
20871 26 
2087126 
2087126 
20871 26 
2088116 
2088116 
2088116 
2088116 
2089765 
2089765 
2090425 
2090425 
2090425 
2090425 
2091 745 
2091745 
2091745 
2091745 

' 2087126 
2087126 
2087126 
2087126 
20871 26 
2087126 
20871 26 
2087126 
2088116 
2088116 
2088116 
2088116 

REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 

13.3 
2 

11.6 
12.1 

6 
32.1 
14.1 

11.9 
12.8 
11.5 
13.3 
10.3 
45.7 
46.7 
58.3 
55.1 
46.9 
37.5 
42.5 

1 
44 

41.8 
25.5 
29.4 
18.6 
17.5 
32.6 
35.7 
49.4 
46.5 
45.7 
46.7 
58.3 
55.1 
46.9 
37.5 
42.5 

1 
44 

41.8 
25.5 
29.4 
18.6 
17.5 
32.6 
35.7 
49.4 
46.5 
.06 
.06 
.06 
.06 
9.4 
9 

9.3 
9.4 
8.9 
11 

12.3 
5 

147.7 2 

4.2 2 
2 

1 37 2 
2 

16.9 2 
2 

10.7 2 
2 

25.4 2 
2 

2.2 1 
1 

5.6 1 
1 

22.3 .6 
.6 

190.8 .6 
3 

5.1 .6 
.6 

14.2 1 
1 

6.1 .6 
.6 

9.1 .6 
.6 

6 .6 
.6 

2.2 1 
1 

5.6 1 
1 

22.3 .6 
.6 

190.8 .6 
3 

5.1 .6 
.6 

14.2 1 
1 

6.1 .6 
.6 

9.1 .6 
.6 

6 .6 
.6 

0 

i a  

0 

4.4 

1.1 

21.1 

84.4 

V 
V 

JA 11 
JA 11 
V 
V 
.V 
V 

JA 11 
JA 11 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
.1 JA 1 
.1 JA 1 
.1 JA 1 
.1 JA 1 
8 V  
8 V  
8 V  
8 V  
8 V  
8 V  
8 V 
4 o v  

V- 

79 52 
7 9 5 2  
79 52 
79 52 

52 

79 52 
79 52 
79 52 
79 52 

52 

52 
52 
52 
52 
52 
52 
52 
52 
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Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 

Table 2 Metal Duplicate Samples and Their Relative Percent Differences 

089 
089 
096 
096 

0998 
0998 
104 
104 

106A 
106A 

746029 
746029 
746689 
746689 
744987 
744987 
750648 
750648 
749688 
749688 

2089765 
2089765 
2090425 
2090425 
2090425 
2090425 
2091 745 
2091745 
2091 745 
2091 745 

REAL 
DUP 

REAL 
DUP 
REAL 
DUP 

REAL 
DUP 
REAL 
DUP 

12.7 
12.4 
9.1 
17.7 
16.9 
14.7 
9.4 
9.2 
11.5 
10.8 

2.4 . 8  v 
8 V  

64.2 8 V  
8 V  

13.9 8 V  
8 V  

2.2 8 V  
8 V  

6.3 8 V  
B V  



Table 3 Summary of Metals Statistics 

Arsenic I 4.05 I 1.32 I 0.0771 

I I Mean I Std. Dev. I Lilliefors Test I Maximum 1 Rock Creek 1 BSCP 1 
7.4 I 12.86 I 13.75 

Beryllium I 0.68 I 0.21 I 0.668 1.5 I 1.14 I 1.25 
Cadmium] 0.78 I 0.22 I not relevant I 1.1 2.45 1 2.34 
Chromium 

Lead 
Mercury 
Nickel 

10.29 3.43 0.0904 19.9 24.85 22.21 
38.03 19.67 0.0771 145 60.2 73.9 
0.06 0.02 not available 0.15 not available 0.19 
12.21 5.04 0.1 027 45.2 26.8 19.74 



TABLE 4 
SEMIVARIOGRAM VALUES 

AVERAGE ARSENIC VARIOGRAM 
Distance Gamma@) Pairs 

71.5 1.8640 . 30 

568.1 1.6683 + 982.6 1.4864 

1475.9 1.773 1 

2552.8 1.8897 

148 

152 

294 

-318 

402 

2959.0 2.2267 + 347 1.5 1 S678 

3 14 

382 

II 4009.4 394 



TABLE 5 
MEDIAN INDICATOR VALUES 

AVERAGE BERYLLIUM VARIOGRAM 

262.1 

1103.3 

11 Distance 

0.2195 82 

0.2679 448 

2046.1 

2955.9 

0.2732 560 

0.2448 768 

3977.9 

5005.6 

. .- . 

0.2436 698 

0.2536 824 



TABLE 6 
SEMIVARIOGRAM VALUES 

AVERAGE CADMTUMVARIOGRAn 
Distance 

I 
59.0 

559.0 

981.3 

1505.8 

1998.8 

0.1667 

0.1792 

0.1379 

0.1800 

0.1911 I 123 

2548.9 0.1576 184 

2953.4 0.1667 132 

3468.1 0.1818 154 

4016.8 0.221 1 147 



TABLE 7 
MEDIAN INDICATOR VALUES 

AVERAGE CHROMIUMVARIOGRAM 
11 Distance I Gamma@) I Pairs 

234.2 0.1061 33 

1104.4 0.1171 175 

2028.6 0.1557 183 

2973.9 0.1293 259 

3962.9 -0.1 142 254 

5022.5 0.1655 28 1 

5969.8 0.1020 201 

6944.8 0.07 14 126 

11 7865.3 



TABLE 8 
SEWARIOGRAM VALUES 

NORTH-SOUTH LEAD VARIOGRAM 
Distance Gamma@) Pairs 

75.3 122.45 14 

51 1.2 92.45 29 

1008.1 144.82 41 

1481.7 168.21 

1982.4 165.17 

2549.4 195.54 49 

2988.0 161.72 26 

3525.7 79.39 24 

11 -3936.2 I 157.46 , - .  I-- 32 

.. . 

. 



. .  - 

TABLE 9 
SEMIVARIOGRAMVALUES 

EAST-WEST LEAD VARIOGRAM 
Distance Gamma(h) Pairs 

15.1 0.13 2 

595.7 94.30 42 

943.4 143.63 40 

1450.2 133.69 79 

2057.1 1 19.60 64 

2663.0 183.02 

2946.8 166.81 

3402.4 1 17.07 52 

I . .3998.9 I 149.86 

.. - 
c. . - .  . ... . .. - ._ . .  
. .... .. . ... 

. .- 



TABLE 10 
SEMIVARIOGRAM VALUES 

AVERAGEMERCURY VARIOGRAM 

157.0 

1091.7 

. .  

~~ 

O.oo00 6 

0.0016 26 

1 Distance 

2184.1 0.0001 36 

. 2930.9 O.OOO4 56 

' 3970.7 

5008.6 

5971.1 42 

7134.5 0.0003 22 * 

' 7846.l- ...-. - - 0.0010 10 



TABLE 11 
SEMIVARIOGRAM VALUES 

AVERAGE NICKEL VARIOGRAM 
Distance Gamma@) Pairs 

61.2 0.1Ooo 15 

592.2 0.1458 48 

958.6 0.1482 54 

1473.6 0.1372 113 

2018.6 0.1435 115 

2574.5 0.1 182 165 

2936.6 0.1454 110 

154 3437.8 0.0909 

4002.5 0.1 164 159 

' 

. .  
_. ... . . .  .. . 
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Vertical Distribution of Actinides in the Soils of Operable Unit 3 

M. Iggy Litaor' 

l/EG&G Rocky Flats Plant, Building 080, Golden Colorado 804024464 



ABSTRACT - 

Soils east of the Rocky Flats (RFETS) near Golden, Colorado were contaminated with Pu-239+240 and Am-241 as 

a result of past waste-storage practices. The vertical distribution of actinides in offsite soils are unknown. Eleven soj 

pits at various distances and directions from a contaminated site at RFETS were excavated, sampled, and analyzed 

for actinide activities as well as selected physical, chemical, and mineralogical attributes. More than 90 percent of tht 

Pu-239+240 and Am-241 activities were confined to the upper 12 cm of the soil, regardless of the soil type, or 

distance and direction from the source. This pattern strongly suggests that little downward movement of Pu and Am 

have occurred within offsite soils during the last 25 years 
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! i I o \ i  Pu-239+240 contamination of the soils near the Rocky Fiats Environmental Technology Site (RFETS) 

w w  c ~ u d  by leaking drums of Pu-contaminated oil stored at a former storage site (Krey and Hardy, 1970). 

Surl'iL id soils in the area east of the former storage site (locally known as the '903 Pad') were contaminated with Pu 

duc I O  w ind dispersal of soil particles during cleanup operations (Krey and Hardy, 1970). Many studies have 

asscwd ihc spatial distribution of actinides around RFETS, however only few studies investigated the vertical 

disrrihution and migration of Pu-239+240 in soils around RFETS. In the context of the present study, the term 

actinidcs refers only to the most significant transuranic contaminants in the soil of RFETS &e., Pu-239+240 and 

Am-24 I 1. Little and Whicker (1978) found that Pu-239+240 activity in soils east of the former storage site increase( 

with dccreasing particle size. For all depths, sampled in 7 increments of 3 cm each, the highest Pu-239+240 activity 

was associated with sub-micron-size soil particles. Two-thirds of the total Pu was found in the top 5 cm of the soils 

The relationship between Pu-239+240 activity and soil particle size distribution suggests that Pu-239+240 may be 

e h e d  to the surface of soil particles. Krey et al. (1976) found that 90 percent of total activity of Pu was held in tk 

upper 10 cm of the soil. They recommended more detailed studies of soil characteristics and additional measuremenl 

of Pu concentrations with depth and time. More recently, Litaor et al. (1994) found that over 90 percent of the Pu- 

239+240 and Am-241 activities in 24 pits excavated east of the former storage site were confined to the apper 12 crr 

of the soil, regardless of the soil characteristics, or distance and direction from the source. 

The goal of the present study was to assess the nature and extent of actinide distributions in the soil 

environment of Operable Unit 3. This study is an expansion of the work done for the OU 2 RI report (Litaor et al., 

1994) for the offsite areas. 

METHODS 

Field SamDling 

Eleven soil pits were excavated, described, and sampled east of Indiana Street (Figure 1). The soil pits were 

excavated at undisturbed or minimally disturbed sites. Sampling soil for actinides characterization involves several 

a i d  considerations: ( 1)  potential cross-contamination of subsurface horizons from the more contaminated surface 
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horizons, (2) collection of sufficient material to obtain representative actinide activities and other soil parameters, anc 

(3) selection of a realistic sampling design that considers the high cost of actinide analyses and provides sufficient 

information regarding the vertical distribution of actinides in the soil profile. 

In light of these considerations, a special sampling method was employed. This method involved digging a 

pit, 3 to 5 m long, 1-m wide, and 1- to 1.1 m deep. The vegetation, at the surface of the pit wall selected for 

sampling, was clipped close to the ground and discarded. The surface of the selected wall was then thoroughly 

scraped with a stainless steel spade to reduce the possibility of crosscontamination. Ten soil samples were collected 

per pit, according to the following depth intervals (in cm): 0-3,3-6,6-9,9-12, 12-18, 18-24,24-36,36-48,48-72, 

and 72-96. A bottom-to-top sampling sequence was adopted to reduce further the risk of cross contamination. Each 

soil sample was collected from within a horizontal cavity dug into the pit face at a selected depth. An exception to th 

above sequence was made for near-surface samples (0- 12 cm), where the soil was too friable to pennit discrete 

sampling. To sample the top section of the profile, the sampling was begun at ground level using a knife and spatulz 

to cut an area approximately 25 cm long, 20 cm wide, and 3 cm deep. The entire soil mass in this area was collected. 

including roots and partially decomposed organic material. Sampling continued in this manner for intervals as deep i 

12 cm. 

Sampling for selected physical and chemical parameters was conducted by genetic horizons rather than by th 

incremental depth procedure. The soils were described according to guidelines established by the Soil Survey Staff 

(1975, 198 1). Sampled soils fell into the following classifications: Aridic Argiustoll (pit 27.3 l), Typic Argiaquoll 

(pit 28), Pachic Argiustoll (pits 32,33,37), Aridic Haplustoll (pit 29), Fluvaquentic Endoaquoll (pit 30), Torrertic 

Argiustoll (pit 34), Torrifluventic Haplustoll (pit 35),and Pachic Calcuistoll (pit 36). For further details regarding thi 

soil taxonomy and classification see Attachment I. 

_ -  
Laboratorv An alvsis 

Actinides _ -  - 

- 
_ -  _ -  - _ _  

The Pu-239+240 and Am-241 activities in the soil samples were measured by alpha spectroscopy at several 

commercial laboratories. The soil samples were digested in HNO, and HF using a microwave dissolution 

(Lamothe et al., 1986; Fischer, 1986), and the Pu oxidation state was adjusted with NaNO,. The solution was then 
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through an anion exchange column to separate the Pu from the solution (Talvitie, 1971). The Pu was eluted 

from the column with HCl-NH41 solution, was acidified with HNO,, and the sample was heated to dryness. The 

sample was redissolved and electroplated onto stainless steel discs. Upon completion of the electroplating, NH40H 

was added to the solution to prevent redissolution of the deposit. 

To isolate the Am-241 from the soil matrix the sample was leached with HNO,. Hydroxides and carbonate- 

forming elements (e.g., Am) were precipitated out of the leachate with NH40H and (NH,),CO, respectively. After 

drying the precipitate was redissolved with nitric acid and passed through an anion-exchange column to remove the 

non-trivalent actinides. Trivalent actinides and lanthanides were co-precipitated with Ca using oxalic acid, Ca carriel 

and NH,OH. The precipitate was redissolved with HCl and passed through a column of mixed anioncation resin to 

remove some of the Ca and all of the Fe. Cesium and the remainder of the Ca were extracted from the solution using 

double extraction into dibutyl-N,N-diethycarbamylphosphonate, a back extraction into dilute HNO,, and then heatin 

to dryness. The sample was redissolved in a dilute-acid solution and passed through an anion-exchange column to 

m o v e  trivalent lanthanides. This column was washed with mixture of alcohol, dilute acids, and NH4SCN for parti 

separation of Am from Cm. The sample was then converted to a sulfate form and heated to dryness. Following this: 

the sample was redissolved and electroplated onto stainless-steel discs. Upon completion of the electroplating, 

NH40H was added to the solution to prevent redissolution of the deposit. In several cases where electroplating failel 

for both actinides, the samples were mounted for alpha spectrometric analysis using a neodymium fluoride co- 

precipitation technique (Hindman, 1983, 1986). Similar percent recoveries for Pu-239+240, Am-241 and Am-243 

have been reported for the electroplating and co-precipitation techniques (Sill and Williams, 1981). 

Soil ProDerties 

Particle size distribution was determined by the pipette method (Soil Conservation Service, 1982). Soil bulk 

density was measured using the clod method described by Blake and Hartge (1986). Specific surface area was 

estimated on 1-g samples of P,O,-dried soil by the free-surface, ethylene glycol monoethyl ether method (Carter et 

al., 1986). The soil samples were given no chemical pretreatments (Cihacek and Bremner, 1979). Ca-saturated 

Wyoming bentonite (assumed to be 800 m2 g-') was used to calibrate each run. Cation exchange capacity (CEC) wa! 

e - r m i n e d  by saturation with 0.4M NaOAc-O.1M NaC1, followed by washing with 60 percent ethanol, and 
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replacing the index cation by 0.5M MgNO, (Rhoades, 1982). Organic matter content was determined by dichromate 

oxidation and titration with FeNH,SO, (Nelson and Sommers, 1982). The inorganic C was determined by a 

modified pressure calcimeter method described by Nelson (1982). 

Statistical Analvsis 

Comparison between groups of soil pits and the 10 sampling intervals was conducted using two-way analys 

of variance (ANOVA)(SAS, 1992). Multiple comparisons among the sampling intervals were performed using 

Bonferroni's method, which controls the samplingwise error rate. The samplingwise error rate is defined as the ratic 

of the number of sample intervals in which at least one error was made to the total number of sample intervals 

analyzed. It is the probability of making at least one error in a test when there are no actual differences between the 

sampling intervals. The mathematical formalism of Bonferroni's method is given by Milliken and Johnson (1992). 

DATA OUA LITY 

Oualitv Assurance and Oualitv Control Practices 

A general description of the quality assurance and control pertained to this project is discussed in (CH2M- 

Hill shall provide this information). 

Dualitv Control Samdes 

Equipment rinsate blanks were collected to quantify possible cross contamination due to potentially 

insufficient decontamination practices between samples. The blanks were collected by rinsing decontaminated 

sampling equipment with laboratory-grade water, placing it in the appropriate container, and preserving it as 

required. The data for equipment rinsate blanks indicate that the sampling practices did not produce a significant 

source of cross contamination among samples (Table 1). 

Field Duplicates 

Duplicate soil samples were collected systematically for the surficial soil sampling program of - OU 3 (Table 
- 

2). The data from the sample and duplicate provide a measure of the sariipling precision a d  sample homogeneity 

(i.e., a measure of the amount of error in the data attributable to sampling technique or to variability in the distributic 

of actinides in the soil environment). Precision was quantified by calculating the relative percent difference (RPD). 

The FWD is the quotient of the difference between duplicate analytical results, and the average of those results 

- 
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expressed as a percentage . In the absence ofestablished regulatory guidelines for QC criterion for actinide activities 

in soil samples, the common practice of &35% was applied. Most of the RPDs calculated for Pu and Am far exceedc 

this value (Table 2). This finding suggests that attaining the commonly used QC criterion for low level actinide 

activity in soil may be difficult. 

Below-Detection-Limit Data 

The presence of data below the detection limit is a result of the low levels, or absence, of a given actinide in 

the soil sample, as well as the analytical detection limit. For statistical analysis, all below-detection-limit data were 

replaced with one half the detection limit. The results of the actinide activity, counting error, error percent, detection 

limits, and other validation criteria are presented in Tables 3 and 4. The results of the physical, chemical, and 

mineralogical investigations are presented in Attachment I. 

RESULTS AND DISC U S S I O ~  

Vertical and SDatial Distribution of Actinides 

0 Plutonium-239+240 activity in the upper 3 cm of the eleven soil pits studied in OU 3 ranged from 3.83 pCi/l . 

to 0.091 pCi/g, whereas Am-241 ranged from 0.84 pCi/g to 0.01 pCi/g (Tables 3 & 4). The vertical distribution 

profiles of these actinides in the 1 1  pits excavated in OU 3 are depicted in Figure 2. In general, Am-241 activity 

exhibited a similar distribution with depth to the vertical distribution observed for Pu-239+240. However, a 

somewhat less consistent vertical profile was observed, which probably can be explained by the greater counting 

error and the greater total analytical error associated with Am-241 measurements. 

Summary statistics of pU-239+240 and Am-241 in soils of OU 3 is summarized in Table 5 . Over 96 percenl 

of Pu-239+240 and 93 percent of Am-241 activities were accounted for in the top 12 cm of the soil. This distributio. 

clearly attests to the observed pattern of actinides in the soil environment around RFETS (e.g., Little et al., 1980; 

Litaor et al., 1994). This pattern strongly suggest that little downward movement of Pu and Am have occurred withi 

these soils during the last 25 years. 

To assess the vertical distribution pattern of actinides with distance and location from the 903 Pad, the 37 pit 

in OU 1,2, and 3 were divided among five regions of expected actinide activity (Figure 1).  The five 

determined using isopleth maps of Pu-239+240 and Am-241 (Litaor, 1995b). The length of area A, B 



and ( ' in t tw c u t  direction is equal to the range (approx. 700 m) computed by a semi-variogram using 118 surficial 

soil wriiplc*\ (0.64 cm) between the former storage site and Indiana Street (Litaor, 1993; Litaor 1995b). Area C 

reprcwnr\ thc least contaminated soil environs with Pu-239+240, which is located east of the 903 Pad and within tl 

Buf1c.r 

(Figiirc I I 

' 

of RFETS. Area D represents OU 1,  whereas the area east of Indiana Street was designated as OU 3 

Summary statistics of Pu-239+240 and Am-241 in soils of the five areas are depicted in Tables 5 & 6. There 

werc no sraristical differences in Pu-239+240 distribution with depth between OU 3 and Area C (Table 7), although 

therc ;uc major differences in soil types between OU 3 (Attachment I) and Area C (see Appendix D8 of OU 2 RI 

Repon ). Several soils in OU 3 exhibited highly stony and coarse texture that provides high potential for downward 

leaching (see Attachment I for field descriptions -- and physical parameters such as particle size distribution). Howeve 

became Pu-239+240 is strongly associated with organic matter and sesquioxide contents of the soil (Ibrahim and 

Litaor. in  review), there has been little movement of Pu down the soil profile regardless of soil type. 

. 

Area A exhibited significantly higher activity of actinides than soils in areas B, C, and D. Soils in area B 0. 
exhibited significantly higher activity of Pu-239+240 than soils in areas C and D, whereas soils in area C and D 

showed similar actinide activity (see Litaor et al., 1994, for details). 

Am-241/Pu-239+240 ratio 

The mean Am-241/Pu-239+240 activity ratio in the top 3 cm of all soil pits was 0.22, with a standard 

deviation of 0.19. Considerable increases in the Am-241/Pu-239+240 ratio was observed at greater depths (Figure 

2). This large increase suggests that Am-241 may be more mobile than Pu-239+240. Similar observations were 

reported by Krey et al. (1978) who found that the Am-241/Pu-239+240 ratio increased with depth. They attributed 

the increase to a slightly greater mobility of the Am-241 in the soil. Krey et al. (1978) also found that the maximum 

enhancement of Am-241 over h-239+240 was about a factor of 2 at the greatest depth of sampling (25 cm). 

However, plots of the Am-241/Pu-239+240 ratio and their respective analytical errors showed remarkable similarity 

between the isotopic ratio and the analytical error. Hence, the Am-241/Pu-239+240 ratio is probably a poor indicato 

for the relative mobility of actinides in the soil. Somewhat similar results were reported by Essington et al. (1976), 

who used the change in ratio with depth to support the hypothesis that Am-241 moved more readily down the soil 0 
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profile than Pu-239+240. However, they recognized that the magnitude of the downward movement of Am-241 is 

difficult to resolve because of the larger analytical variability associated with Am-241, compared to Pu-239+240. 
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Figure 1 .  Location of the 37 soil pits denoted as Xn and the spatial distribution of Pu-239+240 in soils around 

WETS. 
c \  

Figure 2. The vertical distribution of actinides in elevcn soil pits of OU 3. 



RADS 

7at)Jc 3 i Pu-239+240 activity in rinsate samples 
Locaton I Pu-239 1 Error /Detection [Validation I 

I I 
Qualifiers 

\ 

e 
Page 1 



.... 

RADS 

lTable2. IAm-241 activitv in rinsate samoles I I I I I 
ILocation IAm-241 IError IDetection IValidation I IQualifiers I 

Page 1 



Sheet1 

Page 1 



. .. - 

Page 1 



Sheet1 

Page 1 I 



Sheet1 

- 

TR03 1 
'TR031 
TR03 1 
FRO32 . 
TR032 
m 0 3 2  
TR032 
TR032 

TR032 - 
TR032- 
TR032 
TR032 
TR032 
TR032 
TR032 
TR033 
TR033 
TR033 
TR033 
TR033 
TR033 
TR033 
TR033 
TR033 
TR033 
TR033 
TR033 
TROW 
TR034 
TR034 
TR034 
TR034 
TR034 
TR034 
TR034 
TR034 
TR034 
TR034 
TR034 
TR035 

- 

m 3 2  - 

Page 2 



Sheet1 

0.1631 0.0391 23.93 01 A 
0.0491 0.0171 34.36 01 A 
0.0281 0.014 48.931 0.009lA 
0.006l 0.009 141.791 0.01 I A  
0.01 3 0.010 80.31 0.007 A 

-0.004 0.004 115.91 0.01 A 
0.006 0.006 100.54 O A  
0.000 N/A O A  
0.069 0.024 34.06 0.011 A 
0.002 0.004 200.00 O A  
0.002 0.006 347.57 0.009 A 

Page 3 



x 

Page 1 



RADS 

-E%- 
+%- 

0.000 R 
0.000 R * 0.006 R 

0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.007 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 

0.006 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.000 R 
0.000 A 
0.000 A 
0.000 A 
0.000 A 
0.000 A 
0.000 A 
0.000 A 
0.000 A 
0.008 A 
0.000 A 
0.000 A 
0.000 A 

Page 2 



RADS 

Page 3 



/’ 

Exploratory Statistics by &eo by Depth 

Page 1 



Exploratory Statistics by Area by Depth 

Page 1 



13 1 .  

C b l c  7. Suinmary statistics of two-way analysis of variance testing the classification of h-239+240 activity (Log 
Pu) with area and depth in OU 1,2, & 3. 

SOURCE DF SUM OF MEAN SQUARE F VALUE PR>F 

Modcl 49 2894.42 59.07 45.05 .ooo 1 
Error 266 348.81 1.31 
Total 315 3243.23 10.3 
DEPTH 9 1103.72 122.64 93.52 .o001 
AREA 4 1257.07 3 14.27 239.66 .ooo 1 

BYDEPTH 36 203.08 5.64 4.30 .OOO1 
AREA 

SQUARES 

~~~ ~~ ~~~ ~ 

Bonferroni correction for calculation of simultaneous confidence intervals. Alpha = .05, confidence = .95. 

Simultaneous Difference Simultaneous 
Area Lower Confidence Between Upper Conf 
Comparison Limit Means Limit 
O U 3 - A  4.538 4.98 1 5.424 
O U 3 - B  1.473 1.932 2.391 
O U 3 - C  -.391 0.125 .642 

.180 0.842 1 SO4 

y the OU 3 - C comparison confidence interval encompasses zero, hence, the difference between these areas wit1 
depth is insignificant at the stated threshold. 



Table 7. Summary statistics of two-way analysis of variance testing the classification of Pu-239+240 activity (Log 
Pu) with area and depth in OU 1,2, & 3. 

SOURCE DF SUM OF MEAN SQUARE F VALUE PR>F 
SQUARES 

Model 49 2894.42 59.07 45.05 .om 1 
Error 266 348.8 1 1.3 1 
Total 315 3243.23 10.3 
DEPTH 9 1103.72 122.64 93.52 .OOO1 
AREA 4 1257.07 314.27 239.66 .om 1 
AREA 
BYDEPTH 36 203.08 5.64 4.30 .ooo 1 

Bonferroni correction for calculation of simultaneous confidence intervals. Alpha = .05, confidence = -95. 

Area 
Simultaneous Difference Simultaneous 
Lower Confidence Between Upper Conf 

Comparison Limit Means Limit 
O U 3 - A  4.538 4.98 1 5 -424 
O U 3 - B  1.473 1.932 2.391 
O U 3 - C  -.39 1 0.125 .642 
O U 3 - D  .180 0.842 1 SO4 

Only the OU 3 - C comparison confidence interval encompasses zero, hence, the difference between these areas 
with depth is insignificant at the stated threshold. 
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Attachment I 
Soil Classification 

Most of the! soils in this study were Argiustolls, i.e., soils formed in a semi-arid climate under the influence of prairi 
vegetation and containing subsurface accumulations of clay. 

All of the soils exhibited mollic epipedons, i.e., relatively thick surficial horizons with abundant organic matter. 
Mollic epipedons reflect annual below-ground additions of organic matter to the soil by decomposition of the roots c 
prairie grasses and forbs. In general, mollic epipedons must be at least 18 cm thick and have moist colors with 
chroma and value ~ 3 . 5 .  8 

Most of the soils were classified as having argillic horizons, reflecting accumulations of clay in the subsurface. 
Argillic horizons generally have at least 20 percent more clay than the soil horizons overlying them. The common 
Occurrence of lithologic discontinuities (see below), however, suggested that not all the clay in the Bt horizons was 
illuvial. Most of the soils investigated had subsurface accumulations of calcium carbonate as well. In several soils 
that accumulation was great enough to formally identdj calcic horizons 
(e. g., Pits 27, 32, 36). 

Only one (Pit 34) of the eleven pedons investigated-had no evidence of lithologic discontinuities. This fact suggests 
the importance of alluvial parent materials to the soils in the study area. Similarly, even though the fineearth fractio 
(i.e., 42-mrn material) was dominated by clay particles in most of the soils, there were usually abundant coarse 
fragments that resulted in classification of the soils in clayey-skeletal particle-size groups one soil (Pit 34) as 

sified into tomrtic subgroups because it had horizons near the soil surface that had high clay contents, making it a ptible to cracking in summer months. 

Clay Mineralogy 

Minerals in the clay fractions of the pedons in this study were identified by standard x-ray diffraction techniques. 
Smectitic minerals had d-spacings that expanded to about 1.8 nm upon glyceration. Vemiculite odcurredin trace 
amounts in some samples, evidenced by a typically small peak at about 1.4 nm on the glycerated sample’s x-ray 
diffraction pattern. Clay mica (illite) was identified by its n o d  reflections at 0.98 nm, 0.5 nm, and 0.33 nm. 
Kaolinite in the samples provided characteristic peaks at 0.71 nm and 0.356 nm. Quartz (0.426 nm) occurred 
ubiquitously in small amounts in all the samples. The presence or absence of hydroxy-interlayered 2: 1 clay mineral: 
was determined by assessing the degree of collapse to 1 .O nm of the smectite and venniculite d-spacings on K- 
saturated samples heated to 350 degrees C. Iron oxides were assessed by extraction of the soil material with citrate- 
bicarbonate-dithionite solution and calculating the amount of Fe203 removed, assuming that all occurred in the clay 
fraction. Abundances of the these minerals were estimated by relative areas of the characteristic x-ray diffraction 
peaks, specific surface area measurements, thermal gravimetric techniques, and selective dissolution analyses. 

The majority of soil horizons had clay fractions consisting of a mixture of the clay minerals identified above. Still, i 
all horizons, smectite was the dominant clay mineral, typically accounting for about 60% of the clay fraction. The 
abundance of smectite in the soils probably reflects the many potential sources of smectite as well as its characteristic 
particle size. Smectite in these soils was probably derived partly from Cretaceous-age shale. the shale formed the 
parent material for many of the soils investigated, either directly or as a source of the colluvium or alluvium in whicl 
the soils developed. Smectite may also have formed by neoformation as primary minerals weathered and released S 
Al, Fe, Mg, and Ca. Finally, smectite commonly occurs in fine clay fractions, a size that makes smectite particles 
susceptible both to transport by wind and water erosion and to accumulation in lo-lying landscape positions. 



With a few exceptions, clay mica contents were greatest near the soil surface and decreased with depth. This is the 
opposite trend from what one would expect in moderately to highly weathered soils, and it c o n f i i  the hypothesis 
that the soils have not significantly weathered since deposition of the parent materials. 
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% Very 
cm %Total Coarse %Coarse %Medium %Fine KVeryFine %Total 

os A 51.3 12.0 8.9 8.9 11.8 6.7 48.2 

7-38 Bt 39.7 5.3 5.5 7.6 8.9 4.9 32.2 

3880 2Bk 65.2 17.2 15.3 21.5 12.1 2.4 68.5 

80-110 3BC 58.5 25.7 30.9 20.5 6.2 0.9 84.2 

%Coarse %Fine 

18.9 14.7 

12.1 6.8 

4.6 4.4 

1.9 1.5 

specinc Exchangeable Bases 
CaC4 surface 

Depth Horizon EQUN pH Bulk Density Area oc CEC Ca Mg K Na 
% - - - - - - - - - - - - - - - - -meqllOOg.oil----- - - - - - - - - - - - -  cm % H P  CaCll Mglm' m%J 

os A 0.0 4.9 4.8 62 2.72 29.8 9.20 1.63 0.93 0.08 . 

%Total 

33.6 

18.9 

9.0 

3.4 

7-38 Bt 

38-80 2Bk 

%Coarse %Fine %Total 

9.9 8.4 18.3 

21.3 27.6 48.9 

15.8 6.7 22.5 

6.6 5.8 12.4 

0.0 

17.7 

7.0 6.7 296 1.70 

8.0 -7.6 128 0.50 

18.2 27.73 2.88 1.38 0.10 

12.4 n .. n .. n n n 80-1 10 3BC 5.2 8.1 7.6 71 0.26 23.5 

'* Not determined due to presence of free carbonate8 
Not determined due to insufficient sample size 

Free Sesquioxides (Dithionite Extractable) Clay Mineralogy 
Hydroxy- 

Depth Horizon Fe Mn AI si Smectite Vermiculite Clay mica Kaolinite interlayered FelOI Qua& 
cm - - - - - - - - a  - - - - - pg /g soil - --I I - I - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - % - - - - - - - - - - - - - . - . - - - - - - - - - - - - - - - - - - -  

os A 71 28 297 1104 790 58 24 9 

7-38 8t 91 64 185 1454 753 47 24 14 

3880 2Bk 4343 83 488 467 62 19 12 

80-1 10 3BC 3873 81 423 413 63 18 13 

6 3 

3 12 

3 4 

4 2 

I , 1 



Pit 28 

%Vary 
un %Total Coarre %Coarse XMadlum %Fir# % V e f y F h  %Total 

0.10 A 6.1 62 4.9 62 11.7 10.4 39.4 

10-42 2Btl 0.8 0.7 0.7 2.6 8.4 8.6 21 .o 
42-104 2Bt2 0.4 0.7 0.7 1 .o 4.0 5.6 12.0 

104111 2Bt3 0.6 0.0 0.8 1.1 5.0 5.0 12.8 

Particle Size 

*2mm dn;m 
Rock 

%Corne X F h  %Total 

22.3 16.5 38.8 

182 19.4 37.6 

15.6 23.9 30.5 

13.8 25.5 39.1 

%Corne % F i n  

102 11.6 

16.8 24.6 

29.6 18.0 

30.4 17.7 

specilk 
Surface 

%Total 

21.8 

41.4 

48.5 

48.1 

Exchangeable Barer 

0.10 A ,  0.0 6.7 6.1 1.47 89 2.0 17.0 10.76 2.83 1.14 0.18 
10-42 Z B t l  0.0 6.8 6.3 1 .n 213 1.3 28.7 19.68 4115 1.12 0.42 

42-1 04 2Bt2 3.5 8.1 7.7 1.90 250 1 .o 33.3 

104-111 2Bt3 6.1 7.9 7.7 1 .68 230 0.8 31.4 

.. " .. .. .. .. .. .. 
*. Not determined due to presence of free carbonrorr 

I Nut d&annined due to InWmCient sample rln 

Free Serquioxlder (Dlthhlte  Extractable) Clay Mineralogy 
I Hydroxy- 

Depth Horizon Fa Mn AI si SmecUte Vennkutite Claymk. Kaolinite Interlayerad FalO, Quartz 
cm 

@lo 
10-42 

42-1 04 

1041 11 

A 

2811 

2Bt2 

2Bt3 

i I 



0 
Pit is 

% very 
%Total Couse %Coarse %Medium % F h  XVeryFine 

A 0.8 1 .o 1.1 2.4 7.6 6.1 

Bwl 0.6 0.7 1.6 3 2  8.3 6.0 

2Bw2 3.5 1.3 1.3 2.7 17.5 15.4 

2Bw3 0.2 0 2  0 2  0.7 162 21.8 

3Bw4 0.0 0 2  0.1 0.5 132 18.6 

3BwS 0.0 0.1 0 2  0.4 2.1 8.6 

Depth . 

un 

0-7.5 

7.5-15 

15-26 

2 w 1  

41-100 

100-119 

%Total 

18.2 

20.0 

38.2 

39.1 

32.6 

11.4 

WCOrru %Fine 

20.7 22.4 

142 20.7 

222 16.0 

19.9 10.4 

23.2 16.3 

21.7 25.8 

%Total 

43.1 

34.9 

382 

30.3 

39.5 

47.5 

clay 

%Coarse %Fin8 

20.1 18.6 

28.6 164 

11.0 12.6 

12.0 18.6 

17.7 10.3 

29.4 11.7 

% Total -1 
Exchangeable BPser spacifk 

CaCa Surface , 
Depth Horizon EQUN pH Bulk Density Area oc CEC C. Mg K Na 

67.5 A 0.0 6.6 6.5 194 2.5 29.6 21.08 L4.71 1.07 0.07 

cm % H10 CaCh Mdm' m'/g w -.-.-..........--maqnQOg~dl.-.-....-..--.-.- 

7.915 B w l  

15-26 2Bw2 

26-41 2Bw3 

41-100 3Bw4 

100-119 3Bw5 

3.4 7.8 7.4 1.70 218 1.3 

4.0 7.6 7.2 1.37 94 1.4 

2.5 7.8 7.5 1.70 148 0.9 

7.9 8.2 7.8 1.59 121 0.5 

6.2 8.1 7.7 1.90 187 0.3 

** Not determined due to presence of b e  carbonates 
Not determined due to insunicient sample size 

30.9 

17.7 

22.1 

18.9 

26.9 

.. n .. .. 
n n .. .. 

I .. n .. .. .. .. .. .. .. n .. .. 

h P t h  
cm 

67.5 

7.5-15 

1526 

2641 

41-100 

100-119 

Free Setquioxides (Dithionite Extractable) Clay Mineralogy 
Hydroxy- 

Horizon Fa Mn AI si SmecEte Vermiculite Clay mica Kaolinite interlayered F O @ ~  Quartz 
-.---------...---------------...-%-.-..-..----.--.-*----.-.-*.**..... - -. - -. . . -. --. ~rg /g soil - - -. . -. .- ._ - - - 

A 7702 208 608 1183 65 18 12 3 2 

B w l  8129 243 722 1013 59 20 16 3 3 

2Bw2 7286 244 555 877 57 21 16 4 2 

2Bw3 8360 134 710 82 1 57 17 19 4 3 

3Bw4 10053 1 78 61 1 679 53 1- 17 20 TfECO 5 5 

3Bw5 13510 213 548 954 58 Trace 19 14 5 4 

B 



Pit 30 

%Total 

14.0 

14.1 

45.0 

452 

22.7 

ParWe Sire 

>2mm Q m m  

%Coarse % F h  %Total 

222 24.8 47.0 

23.6 24.0 47.6 

13.9 14.7 28.6 

15.6 13.8 29.4 

16.6 17.6 342 

Rock 
Depth Horiron Fragmento Sand 

% varv 
cm %Total Coarse XCoarse %Medium % F h  WVeryFlm 

0.10 A 0.1 0.7 0.4 0.8 4.4 7.7 

10-38 Bwl 0.0 0.7 0.4 1 .o 5.3 6.7 

38-48 2Bw2 27.3 10.7 9.1 7.9 112 6.1 

48-75 2Bw3 10.3 4.8 4.5 7.8 17.6 10.5 

75110 3Bw4 4.2 2.5 2.9 2.9 7.4 7.0 

Clay 

XCoarse % F h  

19.3 19.7 

172 21.1 

12.4 14.0 

112 142 

21.8 21 2 

% Total 

43.0 

specific 
Surface 

Exchangeable Bases 

0-10 A 1.6 7.6 7.3 1.54 194 2.5 

10-38 Bwl  2.2 7.7 7.4 1.73 189 1.2 

38-48 2Bw2 1 2.7 8 .O 7.5 1.70 124 0.7 

48-75 2Bw3 , 3.7 8.1 7.6 1.72 125 0.5 

2.9 8.0 7.6 1.89 238 0.9 75110 3Bw4 I 

Not determined due to presence d free carbonates 
Not determined due to huumCient sample size 

.. .. n .. 31.7 

27.1 

19.3 

17.2 

27.9 

.. .. . . .  .. .. .. n .. .. .. .. .. .. .. .. .. 

Free Sesquioxides (Dithionite Extractable) Clay Mineralogy 
Hydroxy- 

Depth Horizon Fa Mn AI si Smcctite Vermkulite Clay mk .  Kaolinite lntedayered Fo#, Quartz 
cm 

0.10 

1 0-38 
& 
48-75 

751 10 

......--....-.~/groil----------.... 

A 4967 193 491 1383 

B w l  6203 209 552 1357 

2Bw2 7328 197 436 1034 

2Bw3 8364 195 540 81 1 

3Bw4 7275 219 830 877 

I 



Pit 31 

.rc varv 
cm %Total Coarse %Coarse %Medium K F i m  XVefyFine %Total %Coarse % F h  %Total 

0-12 A 54.4 13.4 0.2 7.7 102 6.0 47.4 17.0 17.0 34.9 
12-47 0ll 37.6 4.4 3.5 3.8 8.7 4.7 23.1 13.3 17.0 302 

47-107 20t2 62.5 14.8 13.6 11.7 8.3 2.8 51 .O 5.0 5.2 102 

107-120 20C 47.5 302 25.0 14.8 6.0 1.3 70.0 2.6 5.6 8 2  

% C m r u  % F h  %Total 

0.6 8.1 17.7 

14.8 32.0 46.8 

7.B 30.0 S.8 
7.8 5.1 12.9 

spccm Exchsngeable Barer 
C.c% surface 

Depth Horizon EQUN PH BulkDenrity Area oc CEC C. Yg K Na 

0-12 A 0.0 5.9 5.4 123 67 2.5 152 8.68 1.56 0.85 0.06 

12-47 0ll 0.0 6.6 6.1 254 1 .2 29.4 21 .a 3.00 1.29 0.1 1 

cm K Hlo C a J I  M m '  m'ro K -.....----.-.-..- m c q n o o g ~ o i l ~ ~ ~ ~ ~ . . ~ . ~ ~ . ~ ~ ~ ~ ~  - 

47-107 2012 

107-120 20C 

0.0 6.7 6.1 275 0.9 

13.4 8.1 7.5 64 0.3 . 
*. Not determined due to presence of free carbonates 

Not determined due to inslriumcint sample size 

27.5 17.10 4.88 1.38 0.09 

13.2 .. " " .. 

0-12 A 

12-47 Bt 1 

47-107 2012 

107-120 20C 

7379 336 966 550 

10509 292 1339 706 

9704 123 1548 61 2 

3858 71 427 41 7 

50 

63 

65 

63 

27 10 

24 7 

21 8 

19 11 

8 7 

3 3 

4 2 

4 3 

10 



Pit32 . 

X Very 
cm %Total Coarro %Coarse %Madturn %FIM 9 b V ~ F h  %Total 

0.7 A 29.7 142 13.0 8.9 9.0 4.4 495 

7-64 2Bt ' 43.8 10.8 11.4 7.6 5.2 2.1 37.1 

64-110 2Btk , 49.9 18.4 17.8 13.8 8.1 2.1 80.2 

Partkl. Sire 

*2mm - Qmm 

%Coarse %FIM %Total 

14.7 18.8 33.5 

3.4 5 2  8.6 

4.1 8.6 12.7 

14.0 40.9 54.3 
19.0 27.1 

0.7 A 

744 2Bt 

84110 2Btk I 

0.0 4.9 4.7 63 2.9 

0.0 6.1 . 5.7 338 1 2  

21.6 7.9 7.5 1.85 132 0.6 

. 

I 

15.1 7.57 1.37 128 0.05 

33.4 21.11 3.97 1 A7 0.08 

19.9 " .. .. .. 

0.7 A 7520 289 1289 637 

744 201 11202 1 79 1956 708 

64-110 2Btk 5212 90 81 3 469 

55 

62 

59 

23 11 

25 8 

22 13 

8 5 

3 2 

3 3 

, 



Pit 33 

% very 
cm %Total Coarse %Coarse %Medium %Fine %VeryFine %lo@l 

0-1 2 A 19.4 15.7 16.0 7.9 8.7 3.6 51 S 

12-29 Bt l  50.5 30.4 10.5 5.4 4.5 1 .Q 52.7 

29-82 2Bt2 6.7 4.4 5.4 5.0 7.3 3.4 25.4 

82-110 2Bt3 18.4 5.3 5.6 4.7 5.7 3.3 24.6 

%Coarse %Fbw %Total % L e  %Fbm %Total 

11.8 15.6 27.4 10.3 10.4 20.7 
3.5 10.5 14.0 8.7 24.6 33.3 

10.0 19.3 29.3 18.2 272 45.4 

11.5 1 Q.6 31.1 38.6 5.7 44.3 

0-12 A 

12-29 Bt l  

29-62 2Btz 

82-110 2Bt3 

4.3 7.2 . 6.Q 79 3.9 

0.0 7.0 6.6 189 1 .5 
0.0 6.8 6.6 1.79 268 0.9 

5.5 7.8 7.7 1.62 275 0.8 

18.8 . 15.69 3.12 1.82 0.1 7 
25.3 15.94 4.40 1.57 0.60 

31.3 22.84 5.30 1.10 0.85 

36.1 .. .. " .. 
'* Not determined due to preserm d free carbonates 
' Not determined due to insul&lent sample size 

Free Sesquioxides (Dithianite Extractable) Clay Mineralogy 
Hydroxy- 

b ~ t h  Horlton Fe Mn Al SI Smectlte Vermkulite Clavmka Kaolinite interlamed Fa.0. QUarb 

82-110 2Bt3 4058 72 895 618 64 26 7 1 1 

12 



Ptt 34 

Rock 
Depth Horizon Fragments sand 

K Very 
cm %Total Coarse XcOrrsa K W l u m  Kflna KVeryf lm 

0-14 A 21.1 5.5 4.3 7.7 14.5 OR 
14-56 B t '  2 2  3.2 3.8 4.5 8.1 5.2 

56-98 pall 2 Bt 9.1 3.6 3.0 6.3 12.7 7.7 

061 10 B ;  13.4 4.1 4.0 7.6 15.3 8.9 

56-98 pall 1 Btk 21.8 8.5 6.6 6.5 10.4 6.6 

CaCO, spwm 

K T d d  

41 9 

24.8 

34.2 

38.6 
40.8 

Sill 

%Coarse K f l n a  

18.8 15.5 

15.0 13.0 

15.0 16.5 

14.2 17.0 

16.1 14.4 

u Total 

343 

28.0 

31.5 

31 3 
30.5 

Chy 

%Coarse Kflna 

11.0 12A 

12.4 33, 
13.1 21.2 

15.9 14.3 

17.9 10.8 

K T0t.l 

23.8 

46.3 

34.3 

30.2 

28.7 

Exchangeable Basea 

0-14 A ,  

14-56 Bt 

56-96 part 2 Bt , 

56-96 part 1 Btk : 
96-110 0 '  

0.0 8.0 5.7 1 .I 95 2.2 

0.0 6.8 6.4 1.84 282 1.1 

1.6 7.9 r 5 1 .rs 201 0.7 

3 .O 8.0 , 7.7 1.79 111 0.6 

3.2 8.0 7.7 1.81 156 0.4 

18.4 11.16 3.03 131 0.06 

20.2 20.07 7.80 1.14 0.14 

26.8 

22.6 

21.3 

" .. " .. 
L .. .. 90 .. .. .. .. 

** Nd determined due to presence d free carbonales 
Not determined due to ln&lidd .am@ size 

Free Sesquloxidea (Dlthlonlte Extractable) Clay MltWJlogy 
Hydroxy- 

0-14 A 8602 353 813 686 

14-56 B t '  10501 294 1053 657 

56-98part2 Bt 8788 334 n o  651 

56-96 pall 1 Btk ' 8487 254 112 517 

06110 B 8483 302 603 517 

54 

63 

65 

65 
67 

26 10 

23 8 

20 8 

18 10 

16 10 

5 4 

3 3 
4 3 

4 3 

4 4 

I 



Pit 36 

% v.rv 
cm %Total Coarse %Coarse %Medium %Fine %VcryFbw %Total 

04 A 0.1 1.0 1.9 3.0 6.0 5.1 17.8 

&lo Bwl 0.4 2 2  2.4 4 2  95 6.5 24.8 

1943 2Bw2 37.3 16.6 11.8 8.3 10.1 4.6 51.4 

43-60 3Bw3 43.7 18.8 19.4 16.0 12.8 3 2  702 
60-74 4Bw4 14.8 2.7 7.4 12.3 20.5 6.4 49.3 

74110 6Bw6 52.5 18.3 22.4 16.5 10.0 3.7 71.7 

% m e  % F i n  %TOW %--  SF^ %TOW 

23.3 27.3 50.6 20.0 11.6 31.6 
21 .5 232 44.7 17.5 13.0 30.5 
10.8 12.4 232 10.8 14.8 25.4 
7.5 6.7 142 6.4 9 2  15.6 
12.0 12.4 25.3 10.6 14.8 25.4 
6.5 5.5 11.0 6.4 10.1 16.5 

0-6 
619 

19-43 

43-60 

60-74 

741 10 

A 0.0 6.0 6.6 144 

B w l  1.6 7.1 6.8 1.57 148 

2Bw2 3.0 8.0 7.5 147 

3Bw3 2.2 8.3 7.6 1 .a 89 

4Bw4 2.8 8.3 7.7 1.77 145 

6Bw6 2.7 8.3 7.8 1.72 103 

** Not determined due to presence d free carbonates 
Not determined d w  to Eroumhient sample sire 

Free Scrquioxidcs (Dithionite Extractable) 

5.0 

2.5 

1.2 

0.5 

1 a 
0.4 

26.9 21.12 5.99 2.33 0.31 

23.7 18.34 - 5.02 1.70 0.49 

20.8 

15.6 

.. .. .. ... 
n .. .. .. 
09 .. .. .. 21.2 

13.8 .. n .. n 

Clay Mineralogy 
Hydroxy- 

0-6 A 

619 B w l  

19-43 20w2 

6778 385 551 1135 

6872 306 494 1173 

6748 181 652 903 

58 

60 
61 

22 13 

23 11 

23 10 

4 

3 

3 
43-60 38w3 6751 114 485 594 56 25 10 6 3 
60-74 40w4 

74-110 5 8 ~ 5  

7709 223 706 686 

7 9 M  123 51 2 679 
65 
63 

14 

21 8 

20 8 
4 3 

7 2 



Pit 38 

%Total 

48.6 

30.0 
20.7 

584 

26.0 

52.7 

Depth ' Horlzon Fragmmt. &nd 
% vrrv 

cm %Total Coma % C o m e  KMedlum %Fino WVeryArW 

06 A 16.1 7.1 8.7 10.5 15.0 7.3 

1-24 2Bwl 2s.7 8 2  6.0 7 2  11.0 4 4  

2452 *il part 1 2Bk 10.0 3.0 4.0 7.0 10.5 4.3 

24-52 split part 2 2Bw2 70.6 23.0 14.1 0.3 7.1 2 .4 

5242 a 2  02 0.4 1.4 4.0 13.6 5.7 

92-112 40w4 41 .I 11.1 8.5 11.0 152 5.0 

W c o u t .  % f h  % f a  

16.1 10.4 26.5 

9.3 10.1 10.4 

0.0 13.0 22.0 

5.6 7 2  12.0 

10.1 182 28.3 

8.0 10.4 10.3 

Chy 

%Coma %Fbn 

12.0 12.0 

36.S 12 
40.5 7 a  

24.8 5.6 

38.6 1.1 

lS.6 8.4 

Eudunae8bk Bars 

30.4 

4 . 7  7 28.0 

06 A 

7-24 2Bwl 

24-52 splii pad 1 2Bk 

24-52 splii part 2 2Bw2 

52-92 3BkZ 

92-112 4Bw4 

0.0 

5.1 

38.4 

4.6, 

43.3 ' 
16.0 

6.7 6.6 124 2.0 

7.4 7.1 1 .u 268 1 s  

8 .O 7.6 147 OR 
7.8 7.4 225 1.4 

8.1 1.7 117 Ob 
8.1 7.7 1.88 126 0.4 

. 
21.6 16.48 2 B  0.87 0.08 

31 2 
10.0 

212 

15.3 

15.4 

" .. .. .. .. .. .. .. .. .. .. .. .. .. .. " .. .. .. .. 

0 4  A t  7059 

7-24 2Bwl 8589 

24-52 splii part 1 2Bk , 4984 

2452splipart2 2Bw2 ' 8814 

52-92 a 2  4172 
I 

92-112 4Bw4 7118 

233 816 731 

154 1164 sa 
67 653 252 

148 gs5 473 

sz 380 251 
122 488 381 

58 

64 

5Q 
65 

55 

64 

23 . 11 5 

20 10 3 
18 10 TIOOS 1 

20 0 4 

16 24 1- ' 1  

16 13 1- 4 

I I I 1  



Pi37 

ROdt 
Depth Horiron Fragments sand 

X v w  
cm %TOW Coroso % C o m e  %Medium X F h  %VeryFine 

MI A 0.6 1.5 2.4 6.1 16.0 10.1 

8-25 Btl 6.8 1.0 ' 3.0 6.6 15.7 8.6 

2541 Bt2 2 .9 2.3 2.3 5.1 132 7.7 

51-82 2813 05 0 8  1 .o 2.4 5.4 8.9 

82-120 2Bt4 Ob 05 1 .o 2.6 8.8 5.0 

X TOW 

js.1 

35.8 

30.6 

18.6 

178 

but 

%Coarse K F h  

19.3 13.0 

142 11.7 

14.8 14.3 

18.5 21.1 

16.1 202 

K TOM 

323 
259 

29.1 

3B.6 
38.3 

Cliv 

%cows. %Film 

16.0 15.8 

27.7 10.0 ' 

28.0 12.3 

30.4 11.4 

322 11.6 

X Tohl 

31.6 

38.3 

40.3 
41.6 

43.8 

MI A 

8-25 Btl 

25-51 et2 

5182 2Bt3 

82-120 2814 

' 2.5 7.7 7.4 174 3.0 

3.4 8.0 7 5  1.80 254 0.9 

11.3 8.3 7.8 1 .n 210 0.6 

9.6 8.4 7.0 1.74 240 0.2 

5.7 8.2 7.9 1.57 191 0.7 

n n .. n 

n .  n .. n 

n n .. n 

n n .. n 

n n n n 

23.1 

252 
23.4 

26.6 

22.3 

MI A 

8-25 Btl 

2551 Bt2 

51-82 2Bt3 

82-120 2Bt4 

5887 272 492 777 

6302 1% 810 523 

6020 195 553 = .  
8439 227 500 568 

6561 251 440 649 

Bo 

67 

89 

66 

63 

25 8 

21 7 

18 9 

22 7 

25 8 

3 3 

2 2 

2 1 

2 2 

2 2 

16 
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ABSTRACT 

Soils east of Rocky Flats Plant (FWETS) near Golden, Colorado were contaminated with 

actinides because of accidental release of oils laden with Plutonium isotopes. Consequently, 

these soils were contaminated by Am-241 due to radioactive decay of Pu-241 (t,n = 14.4 yrs). A 

. spatial analysis of Am-241 activity in soils east of RFETS was conducted to elucidate the 

magnitude and the mode of Am-241 dispersion in the soil environment. Americium-241 activity 

of 178 soil samples ranged from 0.001 pCi/g to 270 pCi/g with a mean of 5.8 pCi/g , median of 

0.19 pCi/g, standard deviation of 25.5 pCi/g, and a coefficient of variation of 4.3. The technique 
- .  

of nonparametric indicator kriging was used to model a conditional cumulative distribution 

function (ccdf) of Am-241 in soils around RFETS. The ccdf was used to generate an E-type 

(mean of the conditional cdf) surface. The resulted surfaces were consistent with the hypothesis 

that the westerly winds were the dominant mechanism of Am dispersal. The ccdf was also used 

to construct probability of exceedence maps of Am-241 in soils. For the purpose of this report 

two threshold values for the probability maps were selected: (1) the mean measured background 
- .  - -  

r 

activity of Am-241 (0.01 1 pCi/g), and (2) the programmatic preliminary remediation goal for 

residential occupancy-ssenzh (2.37 pCi/g). The pro bability-of-exceedence maps provide 

estimates of spatial uncertainty associated with each threshold. The E-type maps in conjunction 

with the probability-of-exceedence maps provide a robust framework for future cleanup options 

and landuse decisions. 

~ 



INTRODUCTION 

3 

Actinide contamination of surface soils at Rocky Flats Environmental Technology Site 

(RFETS), near Golden, Colorado resulted from leakage of plutonium-contaminated oils from 

drums stored in an outside storage area. The magnitude and the mode of Pu dispersion in the soil 

environment was discussed by Krey and Hardy, 1970, Seed et al., 1971, Little et al., 1980, and 

more recently by Litaor (1993; 1995b). The isotopic composition of weapon grade Pu processed 

at RFETS was reported to have isotopic composition of: 0.04% Pu-238, 93.3% Pu-239,696 Pu- 

240,0.58% Pu-241, and 0.04% Pu-242 (Krey and Krajewski, 1972 and Martell, 1975). The 

initial Am-241 activity in the weapons grade Pu processed at RFETS did not exceed 10' percent 

(Krey et al., 1976). Consequently, nearlly all the Am-241 activity in the soil around RFETS 

resulted from radioactive decay of Pu-241 (t,n = 14.4 yrs) to Am-241. 

The physicochemical characteristics of Am-241 in the environment are markedly 

different than those of Pu-239+240. Fowler and Essington (1974) ascertained that Am is more 

soluble than Pu and may become the radionuclide of prime concern because it has a faster 

migration rate in soils. Romney et al(1985) showed that root uptake of Am-241 by various , 

plants was consistently greater than that of Pu. Am-241 exhibited a higher solubility than did Pu- 

238 and Pu-239+240, as observed in rumen contents of cattle grazing on actinide-contaminated 

desert vegetation (Barth et al., 1985). 

The effectiveness of wind transport mechanisms in spreading the actinides across the 

landscape may vary among different radionuclides. For exhmple, Am-24 1 was transported in the 

air across the Hanford site in different particle-sizes and reached maximum concentration at 

e 
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different heights than those of Pu-239 (Sehmel, 1978). Hence, the spatial distribution of Am-241 

in the soil environment at RFETS may vary considerably more than that of Pu isotopes. 

Several studies assessed the spatial distribution and the total inventory of Pu in soils 

around RFETS, although no studies have assessed the spatial distribution and inventory of Am- 

241 in these soils. Human risk analysis was performed only with Pu data. For example, Johnson 

(1981) modified the isopleth map of Pu given by Krey (1976) to estimate cancer incidence rates 

in the Greater Denver area. Cancer potency comparison tables suggest that the carcinogenicity of 

Am-241 is approximately equal to that of Pu-239 for both inhalation and ingestion exposure 

routes (USEPA, 1992). The consistent presence of Am-241 with Pu-239+240 resulted in 

approximate 2 fold overall increase in cancer risk. Hence, an assessment of the spatial 

distribution of Am-241 in soils around RFETS is essential for future risk assessment of potential 

human risk associated with surface soils contaminated by Am-24 I .  

The main goal of the current work is to provide a complete appraisal of the spatial extent 

of Am-241 in soils around REETS. The appmisal would form the basis for human health risk 

assessment. This work supports the remedial investigations of actinides in surficial soils at 

RFETS for Opreable Units 1,2,  and 3. The objectives of the present study are to: (1) assess the 

spatial distribution of Am-241 in soils east of RFETS using robust geostatistical techniques, and 

(2) provide a measure of uncertainty to the spatial estimation of Am-241. 

METHODS 

Field Sampline, - - 

.- 

_. 
-. - 

The sampling of Am-241 in soils east of RFETS followed the protocol of the Colorado 

Department of Public Health ind Environment (CDPHE) (CDH, 1977). This sampling protocol 



requires the collection of.25 equally-spaced subsamples, to be composited within a 4.05 ha area 

for kn analysis. The soil at each individual location was sampled with the CDPHE sampler, 

which was designed to obtain a sample from the upper soil surface 0.64 cm deep, and from an 

area 5-cm wide by 6- cm long. For this study, the southwest comer of each plot was located by 

survey and identified with an appropriately marked steel post. The 25 subsamples for the 

composite sample were located with a hand-held compass and tape measure, using the southwest 

comer as the starting point. Sampling of the top 6.4 mm of the soil may be difficult, especially 

in stony soils. The use of this technique was advocated by CDPHE because of the semi-arid 

conditions in eastern Colorado that increased the potential for wind-resuspension and subsequent 

inhalation of soil particles containing Am from the top soil. The rationale and density of 

sampling of Am-241 in soils was similar to that of Pu-239+240 (see Chapter I). One hundred 

and forty four 4.05 ha plots and 34 1.01 ha plots were used for a total of 178 plots (Figure 1). 

Laboratory A nalvsi3 

The Am-241 activity in the soil samples was measured by alpha spectroscopy using 

various commercial laboratories. The soil samples were digested using a microwave dissolution 

procedure (Lamothe et al., 1986; Fischer, I986), and the sample was leached with nitric acid. 

Hydroxides and carbonate forming elements (e.g., Am) were precipitated out of the solution 

with NH,OH and (NH,),CO, respectively. The dry precipitate was redissolved with nitric acid 

and passed through an anion exchange column to remove the non-trivalent actinides. Trivalent 

actinides and lanthanides were co-precipitated with calcium using oxalic acid, calcium carrier, 

and NH,OH. The precipitate was redissolved using HCl and passed through a column of mixed 

anion-cation resin to remove some of the calcium and all of the iron. Cesium and the remaining 0 



e- 
of the calcium were extracted from the solution using double extraction into DDCP (dibutyl- 

N,N-diethycarbamylphosphonate), a back extraction into dilute HNO,, and then heating to 

dryness. The sample was redissolved in an alcoholic dilute-acid solution and passed through an 

anion-exchange column to remove trivalent lanthanides. This column was washed with mixture 

of alcohol, dilute acids, and NH,SCN for partial separation of Am from Cm. The sample was 

then converted to a sulfate form and heated to dryness. The sample was redissolved and 

. 

electroplated onto stainless steel discs. Upon completion of the electroplating, ammonium 

hydroxide was added to the solution to prevent redissolution of the deposit. In several cases 

where electroplating failed, the.samples were mounted for alpha spectrometric analysis using a 

neodymium fluoride coprecipitation technique (Hindman, 1983, 1986). Similar percent 

recoveries for Am-24 1 and Am-243 were reported for electroplating and coprecipitation 

techniques (Sill and williams, 198 ). 

Geostatistical Approach 

The spatial distribution of Am-241 in the soil environment of RFETS was assessed 

according to the following steps: 

(1) A general exploratory data analysis in which univariate statistics was performed and the 

benefits of data transformation and declustering were assessed; 

(2) Selection of K threshold values for the calculated conditional cummulative distribution 

function (ccdf) was performed using 8 cutoffs which define the Am-241 ccdf; 

- 
- -  (3) Indicator semivariograms were computed for these 8 cutoffs (see Chapter I for details); 

- 

(4) The accuracy of IK in estimating the ccdf at the 8 cutoffs was examined by a cross validation 

analysis. This analysis consisted of estimating a ccdf at a datum location where the Am-241 
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activity was temporarily removed from the d3ta set. This procedure repeated itself at all data 

locations. The true value at a given cutoff was compared against a computed value at that cutoff; 

(5 )  The ordinary indicator kriging algorithm was used to generate cumulative indicator 

functions, and compute the probability estimates for the unsampled area according to certain grid 

specifications. In general, a 5500 m search radius was used with a minimum of 4 and a 

maximum of 10 data points required to estimate a grid point. The ordinary indicator kriging 

equations system were solved for all the 8 cutoff values. This provided the uncertainty through 

the 8 selected discrete ccdf values. 

(6)  The ccdf for any required quantile or probabilities of exceeding a-threshold value of interest 

(e.g., Programmatic Remediation Goals) and the E-type estimate (mean of the ccdf) were 

computed (see Chapter I for details); The ccdf of Am-241 in the soils around R E T S  showed 

large positively skewed distribution (see below), thus, the upper tail of this ccdf was calculated 

using a hyperbolic model (see Chapter I): 

The IK analysis was performed using GSLIB-the geostatistical software library and user’s 

guide (Deutsch and Journel, 1992). The original GSLIB software provided for data entry 

through parameter files entered in a specific format. Minimal internal documentation of 

parameter values and definitions was provided, and data entry with program parameter files was 

tedious and prone to execution errors. GSLD did not provide an interactive display of the 

modelling results. Hence, a menu-driven windows interface was developed for GSLIB to 

facilitate the data entry, program execution, and display of data in tabular and graphical formats. 

DATA OUALITY 



Control S a w  

Equipment rinsate blanks were collected to quantify possible cross contamination due to 

potentially insufficient decontamination practices between samples. The blanks were collected 

by rinsing decontaminated sampling equipment with laboratory-grade water, placing it in the 

appropriate container, and preserving it as required. The data for equipment rinsate blanks 

indicate that the sampling practices did not produce a significant source of cross contamination 
___".._. 

among samples (Table 1). 

Field Duplicates 

Duplicate soil samples were collected systematically for the surficial soil sampling 

program (Table 2). The data from the sample and duplicate provide a measure of: the-sampling 

precision and sample homogeneity (i-e., a measure of the amount of error in the data attributible 

to sampling technique or to variability in the distribution . -  of . actinides in the soil environment). 

Precision was quantified by calculating the relative percent difference (RPD). The RPD is the 

quotient of the difference between duplicate analytical results, and the average of those results 

expressed as a percentage, A 

control limit of 235 percent for the RPD in laboratory duplicate analysis was recommended by 

the laboratory data validation guideline drafted by EPA in 1988. There is no established criteria 

for the overall soil sampling and laboratory precision analysis. This is because the large 
_ -  - .  

- 

variability of metals distribution in soils. Indeed, the RPD values for all duplicate samples for 

OU 3 ranged from 8 to 156 percent. It should be noted, however, that the highest value in each 



a 
duplicate.samples was used in the spatial analysis of Am-241 in the soil environment around 

- i  

RFETS. 

Below-Detect ion-Limit Data 

The presence of data below the detection limit is a result of the low levels or absence of a 

given actinide in the soil sample, as well as the analytical detection limit. For statistical analysis, 

a l l  below-detection-limit data w e e  replaced with one half the detection limit. The results of the 

actinide activity, counting error, error percent, detection limits, and other validation criteria are 

presented in Table 3. The errors reported in Table 3 indicate the counting error of each soiI 

- sample. Most of the counting errors were below 35 percent. In general, samples with low Am- 

241 activity were characterized by high counting errors. 

SULTS AND DISCUSSION (p. 
Exdoratory An alvsis 

Americium activity in soils east of RFETS ranged from 270 pCi/g near the former 

storage site to 0.001 pCi/g at the far southeast comer of the sampling area. The mean activity of 

Am-241 was 5.8 pCi/g, median of 0.197 pCi/g, with a standard deviation of 25.4 pCi/g, a 

coefficient of skewness of 8.0 and a kurtosis of 75.7. The effect of few outliers on the mean and 

the variance of the ccdf can be clearly seen in Figure 2. The positively skewed distribution 

justified the use of nonparametric spatial estimation techniques such as IK. 

Variographv 

The ccdf depicted in Figure 2, provided 8 cutoffs from which 8 indicator variograrns 

were modelled. The eight indicator variograms with their models' parameters are summarized in 

@ a b l e  4 and illustrated in Figure 3. 



Cross Validation Ana lV& 

The Indicator variograms model parameters were tested using the cross-validation 

technique. Indicator values at each cutoff were kriged and the mean of both actuals and estimates 

computed. Each cutoff represents a point on the underlying ccdf, thus the mean estimated value 

should be favorably compared with the known mean at that cutoff. For example, if the first 

cutoff represents the ten percent point of the ccdf, the mean of the actual and estimated 

indicators should be approximately 0.10. Significant deviation from the underlying ccdf would 

suggest a problem with the modeling strategy. The validation resulk using isotropic models 

described in Table 4 and Figure 3 are summarized in Table 5 .  The validation results for all data 

sets indicated that the models adequately represent the underlying cdf. Cross validation analysis 

conducted on anisotropic models did not improve the estimation results, thus the isotropic 

indicator variograms were used in the IK analysis. 

E-Ty D e  Estimate of Am-241 in So ils East of RFETS 

The E-type estimate surfaces of Am-241, which is the mean value of the cdfat each 

specified grid point is depicted in Figure 4. The E-type estimate E(z'(u)), is considered the 

closest possible to the true value Z(u) (Goovaerts, 1994). The E-type estimates of Am-241 

activity showed a clear west-east trend. This trend is characterized by high values near the 

former storage area with a rapid decline towards the eastern plant boundary and the residential 

areas e s t  of Indiana Street. The Am-241 activity in the soils decreased rapidly in the north and 

south directions. This pattern reflected wind dispersion consistent with the prevailing winds at 
_ -  

RFETS (Krey and Hardy, 1970). These findings reaffirmed previous studies that suggested 
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eolian transport of resuspended soil particles was the dominant process in the dispersion of 

actinides in the environment (Seed et al., 1971; Little et al., 1980; Litaor, 1995a; 1995b). 

Probabilitv of Exceeding a Threshold Value 

Several maps of conditional probabilities were generated to provide areas of uncertainty 

around the isopleths of the E-type estimates. To create these maps, two threshold values were 

selected; the first value represents a background level of Am-241 in the Denver area, and the 

second is the programmatic preliminary remediation goal (PPRG) value. 

Background Level of Am-241 

Fifty soil samples from undisturbed areas along the Front Range of Colorado were 

collected to assess the background level of Am-24 1 (Whiting, 1994, personnel communication). 

The 50 locations ranged from 12 km to 170 km away from RFETS. All locations were upwind 

and upstream from RFETS, thus unaffected by the site's activities. The background level of Am- 

241 in soils is assumed to represent the global-fallout of Pu-241 that was originated from 

atmospheric testing of nuclear weapons. The distribution of Am-241 in background soils is 

presented in Figure 5. Based on the statistics presented in Figure 5 it was assumed that the 

arithmetic mean of Am-241 represents 3 reasonable background threshold value for the Denver 

area. 

, 

The probability map for the background concentrations of Am-24 1 clearly demonstrates 

the large uncertainty associated with the E-type estimate isopleths (Figure 6). Areas within 4 km 

radius east of the plant's outer boundaiy (Le., Indiana Street), exhibited a greater than 80 percent 

probability of exceedance the mean global-fallout Am. However, areas, only 7 km east of the 

outer boundary exhibited a less than 20 percent probability of exceedance the mem global- 
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fallout Am. Similar pattern was observed for Pu-239+240 (see Chapter I &'Litaor et al. in 

review). f i i s  uncertainty,must be taken into account when attempting to correlate the potential 

environmental and human health risks from RFETS-derived Am on the Greater Denver area. 

C l e w  --q 

Risk-based programmatic preliminary remediation goals (PPRG) were computed for 

radionuclides in soils in RFETS (DOE, 1995). These PPRGs were based on both residential and 

commercial/ industrial scenarios. The PPRG calculations followed USEPA (1989, 199 1) 

guidance and were supplemented with RFETS specific information (DOE, 1995). A PPRG of 

2.37 pCi/g of Am-241 in soil was computed to meet the stringent requirements of a residential 

scenario. Map showing the probability of exceedance of the computed PPRG for residential 

scenario at RFETS h;rs been produced (Figure 7). This map delineates the areas declared 

potentially hazardous, on the basis of the residential scenario using the estimate Am'(u) > 2.37 

pCi/g, providing the probability 1 - a(u) to make a correct remediation decision for all locations 

(u) such that Am' > 2.37 pCi/g at a given probability will-follow: 

1 - a ( u )  = Prob(Am(u) > 2.37 I(n>) ( 1 )  

Under these conditions, significant portion of the land east of the former storage site within the 

buffer zone of WETS would need to be remediated if meeting the residential scenario 

requirement is the land use decision. The cleanup of such a large area (358,801 m2 at 80 percent 

probability, and 799,539 m2 at 60 percent probability) is unrealistic in terms of cost, waste 

generation and land reclamation to minimize slope erosion that must follow such a large-scale 

removal of the top soil. 

- -- 



Am-241TPu-239+240 RatiQ 

The mean Am-241/Pu-239+240 activity ratio in the 178 soil samples was 0.319 with a 

standard deviation of 0.531. This ratio did not agree with an earlier work by Litaor (1995b) who 

sampled 118 soil samples within the plant boundaries and reported a ratio of 0.19 (Table 6). 

Significantly larger activity ratios were calculated for off plant locations (Operable Unit 3). For 

example, the lower quunrile of the Am-241/Pu-239+240 activity ratios calculated from 60 soil 

samples taken from off site locations exhibited similar value to the meun activity ratio calculated 

from samples taken within the plant boundaries (Table 6). From parent-daughter radioactive 

decay relationships, the history of the site, the isotopic composition inside the stored barrels, the 

initial amount of Pu released, and number of years since the initial release (see Appendix I for 

details), Litaor (1995a) calculated that in 1992 the Am-241/Pu-239-240 activity ratio in soils 

within the plant boundaries (OU 2) should have been 0.17, which agreed well with the 0.19 

mean ratio measured in 1991 (see Table 6). "he source of the apparent discrapency between off 

site and within plant boundary locations originated from the analytical uncertainty associated 

with measuring low actinide activities close to the detection limits. The analytical errors 

\ 

associated with the samples collected within the plant boundaries and those associated with off 

plant samples are also summaried in Table 6. Errors as high as 400 percent were recorded for 

samples taken off site, with mean error of 83 percent compared with mean error of 15 percent 

observed for soil samples taken within the plant boundaries. Hence, caution should be exercised 

when attempting to use the activity ratio to ascertain the history of release o f  actinides in the 

environment (see Litaor, 1995b). 



Concluding Remark 

This study has provided a comprehensive appraisal of the extent of Am in the soil 

environs. The major finding of this work was that the spatial distribution and dispersal 

mechanisms of Am-241 were similar to those of Pu-239+240. The area adjacent to the former 

storage site is the most significantly contaminated with Am-241 in spite of several soil removal 

operations (Baker, 1982). The ccdf was used to generate an E-type estimate (mean of the ccdf) 

and probability-of-exceedence maps. These probability-of-exceedance maps provided the 

background information required for selecting remedial actions andor  corrective measures for 

cleanup. 

.. . 



APPENDIX I : Radioactive Decav and G rowth Ca lculatio ns 

The exponential law of decay for radionuclides is described by: 
~ 

N, = N,' e'" (11) 

where N, is the number of unchanged atoms at time t, N,' is the number of atoms at t = 0, and 1 

is a decay constant. The decay constant is conveniently described by the half life concept (t,,): 

where t,, is the time required for an initial number of atoms to be reduced on the average to half 

that number by transformation. 

N,' is derived from the known weight (W) of the radionuclide under study, its molecular weight 
-. . 

(M) and the Avogadro's number Ag: 

e N: = (w/M)Ag 
In practice, the activity (A) of a radionuclide is measured, where 

.. - 
and c is the detection coefficient which depends on the nature of the detection instrument. 

The decay rate of a single radionuclide is described by 

The decay rate of a daughter isotope resulting from the transformation described by equation I5 

is: 

dN2 
--- + 1,N, - l,N,'e'" = 0 
dt 

- -  



where 4 and N, are the decay constant and the number of atoms of the daughter isotope 

respectively . 

The solution of this differential equation is: 

Equations I1 through I7 were used to calculate the ratio of 

Am-241/Pu-239+240. Using equation I2 the 1 values for the radionuclide under study are: Pu- 

239; 1 = 2.87 * lod yr-', Pu-241; ll = 0.0481 yr", and Am-241; l2 = 0.0016 yr". 

Several assumptions were made in order to compute the Am-241/Pu-239+240 activity ratio in 
_- 

the soils at RFETS. First, the total amount of Pu released to the environment did not exceed 86 

grams (Seed et al., 197 1). Second, the- weight percent of Pu-239+240 was 99.6 (Krey et al., 

1976), and third, an equal detection coefficients (c) for the isotopes under study. Using 

- equations 11, 13, and I4 the activity of Pu-239+240 35 yrs after the first release was A,.,,+,, - 
_ _  --...--- _ .  - 

6.2 * 10l8. Assuming that the weighted percent of Pu-241 was 0.4, and that the initial weighted 

percent of Am-241 was 10' (Krey et al., 1976), the activity of Am-241 after 35 yrs since the 

initial release was calculated to be (using equation 17 and neglecting its second term): A,,,, = 

1.066 * So, the calculated ratio of Am-241/Pu239+240 is 0.17. 

A condition of non-equilibrium exists between Pu-241 ---> Am-241, because the parent 

- 
isotope is shorter-lived (tin = 14.4 yrs) than the daughter isotope (ti,? = 433). In a case of non- 

equilibrium, the time (tm) that it takes for the d5ushter isotope to reach its maximum activity 

can be calculated by differentiating 

.- - 

equation 17: 



Setting dNJdt = 0 when t = t, and rearranging: 

t, = 1412 - l l ) W y l l )  (I91 

Solving equations I2 for 1, and 1, and I9 for tm suggests that Am-241 will reach its maximum 

activity by the year 2032. These calculations agreed well with Krey et al. (1976) who estimated 

in 1975 that Am-241 activity in the soils of WETS will reach a maximum in the year 2033 and 

the Am-241/Pu239+240 ratio will reach 0.18. 
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Table I AM-241 Activity in Rinsate Samples for OU3 Usina the CDH Method 
Location 

134 
135 
195 

North East QC Result pCi/g Error Error % Detection Limits pCVg Validation Qualifiers 

761609 2091083 RNS 0.15 0.01938 12.9 0.0014 A 4 
742201 2089620 RNS 0.0005 0.00313 626.0 0.0063 A 4 52 
735437 2094350 RNS 0.002 0.002 100.0 0.001 V 



Table 2 AM-241 Duplicate Samples and Their Relative Percent Diferences for OU3 Using 
the CDH Method 

RPD % Error % Detection Limits pCig Validatior 

, 155.6 200.0 0.006 V 
62.5 0.002 V 

120 300.0 0.007 A 
100.0 0.004 A 

90.9 100.0 0.005 A 
75.0 0.007 A 

57.5 44.7 0 A 
56.3 0 A 

142.9 400.0 0.013 V 
83.3 0.005 V 

8 61.5 0.007 
50.0 0.004 

115.4 34.1 0.002 
90.9 0.006 

Location 

140 
140 
148 
148 
160 
160 
161 
161 
170 
170 
1 94 
194 
195 
195 

- ac 
Rea 
Dup 
Rea 
Dup 
Real 
Dup 
Real 
Dup 
Real 
Dup 
Real 
Dup 
Real 
Dup 

- 
North 

753634 
753634 
760490 
760490 
750348 
750348 
745980 
745980 
735567 
735567 
739581 
739581 
735437 
735437 

- 

- 

Result pcug 

0.002 
0.016 
0.002 
0.008 
0.006 
0.016 
0.01862 
0.0103 
0.002 
0.012 
0.013 
0.012 
0.041 
0.011 

East 

2094474 
2094474 
2099421 
2099421 
2102495 
2102495 
2 1 04009 
21 04009 
2106887 
2106887 
2096800 
2096800 
2094350 
E094350 

- - 
61 
61 
61 
61 
18 
18 

- 

Oualifiers 

21 
21 
32 
32 

- 



rable 
'lot 
Vumbe 

- 
- 

0 
1 
3 
4 
5 
6 

10 
11 
12 
13 
15 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
88 

0 ux, - 
North 

748009 
747349 
748009 
747349 
746689 
749658 
748009 
747349 
746689 
749658 
748998 
748668 
748998 
748668 
748339 
748009 
747349 
746689 
746029 
749658 
749328 
748998 
748668 
748339 
748009 
749658 
749328 
748998 
748668 
748339 
748009 
747349 
746689 
746029 
745369 
751 308 
750648 
749658 
749328 
748998 
748668 
748339 
748009 
751 308 
750648 
749988 
749658 
749328 
748668 
748009 
747349 
746689 
746029 
745369 
749658 
749328 
751308 
750648 
749988 
749658 
749328 
748009 
746689 
746029 
745369 
749658 
749328 
749988 
746029 
750648 
749988 
749328 
748668 
748009 
746689 
746029 
745360 

- 
and 3 Am-241 Activitv. Countinp Error Usinp the CDH Method 

East 

2083967 
2083827 
2084487 
2084487 
2084487 
2085146 
2085 146 
2085146 
2085146 
2085476 
2085476 
2085476 
2085806 
2085806 
2085806 
2085806 
2085806 
2 0 8 5 8 0 6 
2085806 
2086136 
20861 36 
20861 36 
20861 36 
20861 36 
20861 36 
2086466 
2086466 
2086466 
2086466 
2086466 
2086466 
2086466 
2086466 
2086466 
2086466 
2086466 
2086466 
2086796 
2086796 
2086796 
2086796 
2086796 
2086796 
20871 26 
20871 26 
20871 26 
20871 26 
20871 26 
20871 26 
20871 26 
2087126 
20871 26 
20871 26 
2087126 
2087456 
2087456 
2087786 
208786 
208786 
2087786 
2087786 
2087786 
2087786 
2087786 
2087786 
20881 16 
20881 16 
2088446 
2088446 
20891 05 
20891 05 
20891 05 
2069105 
20891 05 
20891 05 
2080 105 
zGE?..u 

Am241 p C i g  

0.091 
0.069 
0.23 

0.122 
0.071 
0.184 
0.618 
0.064 
0.087 
0.1 1 

2.255 
6.065 
12.51 

35.328 
19.322 
1 .855 
0.257 
0.122 

! 0.271 
1.355 
9.369 
270.4 
89.51 
27.66 
3.414 
5.556 
15.82 
164.1 
66.3 

14.736 
3.856 
0.64 

0.283 
0.15 

0.143 
0.204 
0.132 
5.84 

26.34 
. . . 54.18 

25.55 
9.498 
4.681 
0.192 
0.184 
1.422 
6.835 

20.91 6 
11.998 
5.064 
1.113 
0.877 
0.22 

0.097 
4.613 

15.399 
0.069 
0.266 
3.703 
5.955 

13.532 
3.21 2 
0.973 
0.501 
0.087 
5.939 
2.169 
2.249 
0.186 
0.489 
1.202 
2.91 3 
5.296 
2.091 
0.497 
0.642 
0 764 

Error pCi{  

0.02: 
0.022 
0.042 
0.02s 
0.02; 
0.031 
0.085 
0.01 s 
0.03E 
0.032 
0.442 
0.802 

1.4E 
13.702 
6.95f 
0.212 
0.046 
0.044 

0.19 
2.536 
25.2 
8.59 
3.25 
0.59 
0.73 

4.056 
15.4 
6.46 

5.358 
0.504 
0.1 14 
0.068 

0.03 
0.03 

0.046 
0.04 
0.71 
2.75 
5.43 
2.73 
1.08 

0.603 
0.074 
0.036 
0.222 
0.874 
6.284 
3.772 
0.622 
0.138 

0.1 
0.044 
0.024 
0.572 
1.908 
0.022 
0.074 
0.542 
0.774 
4.624 
0.43 

0.138 
0.072 
0.026 
1.516 
0.22 

0.624 
0.038 
0.071 
' 0.15 
0.313 
1.186 
0.202 
0.072 
0.088 
O U  

7 

0.068 

v 

Error % 

25 
31 
18 
23 
31 
20 
13 
29 
41 
29 
19 
13 
11 
38 
36 
11 
17 
36 
25 
14 
27 
9' 
9 

11 
17 
13 
25 
9 
9 

36 
13 
17 
24 
20 
21 
22 
30 
12 
10 
10 
10 
11 
i 2  
38 
19 
15 
12 
30 
31 
12 
12 
11 
20 
24 
12 
12 
31 
27 
14 
13 
3.: 
i 3  
14 
14 
29 
25 
10 
27 
20 
14 
72 
10 
22 

0 
7; 

1- 

.e 
15 

Detection 
Limits p C i g  

0.000 
0.000 
0.000 
0.000 
0.01 1 
0.01 1 
0.000 
0.000 
0.018 
0.008 
0.000 
0.000 
0.000 
0.138 
0.21 5 
0.000 
0.000 
0.019 
0.026 
0.01 9 
0.092 
0.000 
0.000 
0.000 
0.000 
0.01 1 
0.173 
0.000 
0.000 
0.090 
0.01 0 
0.010 
0.000 
0.010 
0.005 
0.000 
0.000 
0.017 
0.000 

.0.094 
0.000 
0.000 
0.000 
0.01 6 
0.006 
0.017 
0.01 1 
0.127 
0.287 
0.013 
0.000 
0.009 
0.012 
0.008 
0.024 
0.015 
0.01 0 
0.016 
0.01 9 
0.01 6 
0.224 
0.021 
0.008 
0.006 
0.007 
0.110 
0.000 
0.170 
0.000 
0.000 
0.000 
0.000 
0.060 
0.009 
0.000 
0.006 
0.000 

Validation ' 

V 
A 
V 
V 
V 
V 
V 
V 
V 
V 
A 
V 
A 
A 
A 
V 
A 
V 
V 
V 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
V 
V 
V 
V 
V 
A 
A 
V 
A 
A 
A 
V 
V 
A 
V 
V 
V 
A 
A 
V 
A 
V 
V 
V 
V 
V 
V 
A 
V 
V 
A 
V 
V 
V 
V 
V 
V 
V 
A 
V 
V 
A 
V 
V 
R 
V 
A 

- 
78 
4 

78 
78 
18 
18 
78 
78 
18 
18 
18 
18 
18 
4 
4 

78 
4 

18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
4 

18 
18 
18 
52 
52 
62 
62 
18 
18 
18 
18 
78 
78 
62 
18 
18 
18 
18 
18 
18 
4 

52 
52 
52 
18 
'8 
52 
27 
18 
18 
78 
18 
:8 
52 
52 
36 
52 
36 

4 
78 
78 
4 

36 
i 8  
10 
7a 

Qualifiers - 
78 

52 
78 

52 
78 
21 
78 
21 
99 
99 

78 
52 
36 
78 

4 
21 
21 
21 
21 
78 
4 

21 
21 
99 
78 
78 
52 
78 
78 
30 
30 
78 
21 
21 
21 

30 
52 
52 
78 

4 
4 

78 
78 
78 
78 
78 
36 
78 
78 
52 
52 
78 

4 
78 
78 
78 
78 
52 
78 
52 
78 

78 
52 
52 
78 

2. 

78 

78 

78 

78 
78 
78 

78 
52 

36 
78 
78 
78 
78 

36 
78 
78 
78 

78 

85 
61 

78 
78 
78 

61 
78 
78 

36 
36 

78 

78 
78 

27 

78 

78 

78 
78 

3- 

84 
84 

78 

78 

78 

84 

85 

85 

78 
78 

36 
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Table 3 (cont). - 
Plot 
Numbf 

84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
1 03 
104 
105 
106 
107 
108 
109 
110 
1 1 1  
112 
,113 
114 
115 
116 
117 
118 
119 
120 
'121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
1 34 
134 
135 
135 
137 
i 39 
140 
140 
140 
141 
142 
143 
144 
145 - 
146 
147 
148 
148 
148 
149 
150 
151 
152 
153 
154 
7 55 
L 

- 
- 

North 

75 1308 
750648 
749988 
749328 
748668 
746029 
745369 
744709 
750648 
749988 
749328 
748009 
746689 
745369 
744709 
744050 
75 1308 
750648 
749988 
744709 
750648 
749988 
749328 
748009 
746689 
745369 
744709 
744050 
75 1308 
750648 
749988 
744709 
744050 
743390 
75 1 968 
750648 
749328 
748009 
746689 
745369 
744050 
761 203 
761 545 
742000 
7371 29 
733634 
7621 60 
742097 
739297 
732653 
761 609 
761 609 
742201 
742201 
732241 
756876 
753634 
'53634 
'53634 
749801 
'46286 
'4251 7 
'38 190 
:37119 
'29733 
'1 9222 
'60490 
'60490 
'60490 
'57472. 
'54574 
'49334 
'46609 
'4 1470 
'37757 
ddtJ35 
3 u Z L  

- 

.,.---- 

East 

2089765 
2089765 
2089765 
2089765 
2089765 
2089765 
2089765 
2089765 
2090425 
2090425 
2090425 
2090425 
2090425 
2090425 
2090425 
2090425 
2091 085 
2091 085 
2091 085 
2091 085 
2091745 
2091745 
2091745 
2091 745 
209 1 745 
2091745 
2091745 
2091745 
2092405 
2092a05 
2092405 
2092405 
2092405 
2092405 
2093064 
2093064 
2093064 
2093064 
2093064 
2093064 
2093064 
2080522 
2082387 
208 1653 
2082640 
2082776 
2085951 
20881 92 
2087765 
2087370 
2091 083 
2091 083 
2089620 
2089620 
2090822 
2095706 
2094474 
2094474 
2094474 
209403 
2094298 
209463 
2094235 
2098927 
2096066 
2096409 
2099421 
2099421 
2099421 
2098863 
2098836 
2098145 
2099217 
20994 10 
21 00740 
21 00576 
~ l o l p ~ o  

Am241 pCi< 

0.435 
0.621 
1.703 
1 .n3 
3.538 
0.385 
0.159 
0.01 6 
0.535 
0.874 
3.361 
1.324 
0.494 
0.241 
0.023 
0.015 
0.613 
0.526 
0.598 
0.071 
2.526 
0.542 
2.379 
1.072 
0.359 
0.215 
0.996 
0.005 
0.194 
0.541 
1.301 
0.131 
0.044 
0.029 
0.093 
0.475 
0.381 
0.823 
,0.263 
0.215 
0.047 
0.006 
0.022 
D.02729 
0.0245 
0.01943 
0.023 
0.025 
0.01 1 
0.01291 
0.002 
0.15 
0.074 
0.0005 
0.0 1088 
0.01 1 
0.002 
0.002 
0.016 
0.61 
0.01 6 
0.024 
0.0401 - 
0.024 
0.016 

0.005841 
0.002 
0.002 
0.008 
0.02185 
0.0326 
0.087 
0.09745 
0.034 
0.024 
0.01 875 
0 034 

Error pCi/ 

0.068 
0.086 
0.204 
0.202 
0.408 
0.058 
0.032 
0.009 
0.074 
0.167 
0.39 
0.161 
0.071 
0.044 
0.01 1 
0.009 
0.08 
0.075 
0.081 
0.022 
0.302 
0.077 
0.3 
0.139 
0.057 
0.039 
0.129 
0.005 
0.041 
0.082 
0.168 
0.03 
0.017 
0.013 
0.025 
0.076 
0.058 
0.115 
0.046 
0.041 
0.017 
0.008 
0.02 
0.01 
0.01 37 
0.00833 
0.01 
0.01 8 
0.01 

0.00679 
0.008 
0.01 938 
0.03 

0.0031 3 
0.006 13 
0.01 6 
0.004 
155.6 

0.092 
0.01 
0.014 
0.0184 - 
0.01 6 
0.022 
0.00445 
0.006 
120 

0.00901 
0.01 15 
0.024 
0.0207 
0.016 
0.014 
0.00839 
0 Ill6 

Error 7' 

15 
13 
12 
1 1  
1 1  
15 
20 
56 
13 
19 
1 1  
12 
14 
18 
47 
60 
13 
14 
13 

~ 31 
12 
14 
12 
13 
15 
18 
13 
100 
21 
15 
12 
22 
38 
44 
26 
16 
15 
14 
17 
19 
36 

133.3 
90.9 
47.0 
55.9 
42.9 
43.5 
72.0 
90.9 
52.6 
400.0 
12.9 
40.5 
626.0 
56.3 
145.5 
200.0 
200.0 
62.5 
15.1 
62.5 
58.3 

- 45.9 
66.7 
137.5 
76.2 
300.0 
300.0 
100.0 
41.2 
35.3 
27.6 
21.2 
47.1 
56.3 
447 
66 7 

Detection 
Limits p C i g  

0.000 
0.000 
0.000 
0.000 
0.000 
0.005 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.007 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 . m  
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

'. 0.009 
0.005 

0 
0 

0.0022 
0.006 
0.01 
0.007 

0 
0.01 2 
0.0014 
0.008 
0.0063 

0 
0.013 
0.006 
0.006 
0.002 
0.002 
0.006 
0.005 

- 0  
0.003 
0.01 8 

0 
0.007 
0.004 

0 
0 

0.006 
0 

0.002 
0.007 

0 
0 n1 

. -  

Validation 

V 
V 
V 
V 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
A 
A 
A 
V 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
R 

A 
A 
A 
A 
A 
A 
A 
A 
A 
V 
V 
V 
V 
V 
v -  

- A  

A 
A 
A 

A 
A 
V 
A 
A 
V 
A 
A 

- 
78 
78 
78 
78 
30 
30 
30 
30 
78 
4 
30 
4 
30 
30 
30 
30 
30 
78 
30 
30 
70 
30 
60 
4 
4 
30 
30 
4 
60 
60 
4 
30 
30 
30 
60 
78 
60 
70 
50 
30 
4 

18 
30 
32 

51 
51 
I8 
51 
4 

51 
4 
18 
50 

E- 

18 
Ii 
jl 
il 
8 

I8 

8 
IO 

8 
)1 

Qualifiers 

32 
32 
32 
32 

30 
32 
30 
32 
32 
32 
78 
32 

32 
78 
78 
78 
78 
60 
30 
70 
78 
30 
78 
78 
60 
78 
78 
78 
78 

78 

78 
78 
30 

21 

62 

21 

21 

21 

32 
32 

32 

21 - 

78 
78 
78 
78 

32 
78 
32 
78 
78 
78 

78 

78 

78 
78 
78 

78 

78 

09 

30 

09 

09 

39 

39 
39 

39 

39 

78 

78 

7a 
78 

70 

85 

78 

~ .. 

78 

78 

78 
78 

78 

18 - 

e l  
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0.005 

a Table 3 (concl). 

0.006 

Plot 
Number 

157 
158 
159 
160 
160 
160 
161 
161 
161 
162 
163 
164 
165 
166 
1 67 
169 
170 
170 
170 
171 
172 
173 
176 
177 
179 
185 
186 
187 
188 
189 
190 
191 
192 
193 
1 94 
194 
194 
1 94 
195 
195 
195 
195 
196 

.eoend: 
- 

- 
North 

760627 
754653 
752357 
750348 
750348 
750348 
745980 
745980 
745980 
742771 
736084 
727371 
761 188 
759484 
755087 
744848 
735567 
735567 
735567 
759170 
75401 3 
754426 
742292 
737822 
730669 
752096 
748885 
757006 
75721 6 
755636 
748545 
7481 15 
744231 
750532 
739581 
739581 
739581 
739581 
735437 
735437 
735437 
735437 
735774 

* A :  

- East 

21 04237 
21 03924 
2099155 
21 02495 
21 02495 
21 02495 
21 04009 
21 04009 
21 04009 
21 01 624 
21 0431 6 
21 0841 0 
21 0701 2 
21 05659 
21 05295 
21 07931 
21 06887 
21 06887 
21 06887 
21 11 149 
21 13691 
21 12162 
2 109042 
21 10641 
21 10572 
2094356 
21 00061 
20961 88 

21 14421 
21 23098 
2094161 
20941 47 
21 2021 8 
2096800 
2096800 
2096800 
2096800 
2094350 
2094350 
2094350 
2094350 
209651 1 
)ata AcceF 

21 won 

- 

Am241 I pCVg Error p C i g  

-0.002 
0.002 
0.086 
0.006 
0.006 
0.016 

0.01 862 
0.01 862 
0.01 03 
0.038 
0.054 
0.0087 
0.0131 
0.0386 

0 
0.002 
0.002 
,0.002 
0.012 

0.0413 
0.01381 
0.004 
0.005 
-0.004 

0.01621 
0.16 

0.035 
0.008065 
0.00954 
0.005732 
0.009959 
0.0512 
0.0807 
0.00484 
-0.002 
0.013 
0.013 
0.012 
0.041 
0.002 
0.041 
0.01 1 

0.003 
0.006 I 0.11 
0.006 
90.9 

0.00832 
57.5 

0.032 

0.00531 
0.0103 

1 0.022 

I 0.0188 
0.002 
0.006 
0.008 
142.9 

0.0201 
0.01 23 
0.008 
0.006 
0.001 
0.0076 
0.04 
0.01 8 
0.00544 
0.00877 
0.00437 
0.00672 
0.0219 
0.0293 
0.00891 
0.008 
0.008 

I 8  
0.014 
0.002 
11 5.4 

Error % 

-150.0 
300.0 
127.9 
100.0 
100.0 
75.0 
44.7 
44.7 
56.3 
84.2 
40.7 
61 .O 
78.6 
48.7 

#DIVIO! 
300.0 
400.0 
400.0 

83.3 
48.7 
89.1 

200.0 
120.0 
-25.0 
46.9 
25.0 
51.4 
67.5 
91.9 
76.2 
67.5 
42.8 
36.3 

184.1 
-400.0 

61.5 
61.5 
50.0 
34.1 

100.0 
34.1 
90.9 

Detection 
Limits p C i g  

0.014 
0.009 

0.1 
0.005 
0.005 
0.007 

0 
0 
0 

0.017 
0.006 

0 
0 
0 

0.002 
0.007 
0.013 
0.013 
0.005 

0 
0.0127 
0.008 
0.005 
0.025 

0 
0.009 
0.012 

0 
0 

0.0022 
0 
0 
0 

0.0156 
0.014 
0.007 
0.007 
0.004 
0.002 
0.001 
0.002 
0.006 
0.005 

Validation ’ 
A 
A 
R 
A 
A 
A 
A 
A 
A 
V 
V 
A 
A 
A 
A 
V 
V 
V 
V 
A 
R 
A 
A 
R 
A 
V 
A 
A 
A 
R 
A 
A 
A 
R 
V 

V 

120.0 

- 
61 
61 
27 
61 
61 
61 
18 
18 
18 

18 
30 
30 
61 

30 
32 
61 
60 
27 
18 

60 
18 
30 
32 
18 
30 
30 
32 

Qualifiers - 
21 
36 
21 
21 
21 
32 
32 
32 

21 

21 

62 
21 

60 
32 

32 

62 
21 

62 

- 
61 

99 
99 
99 

99 

30 

36 
99 

99 

30 
99 

30 

- 
52 

78 
78 
78 

78 
78 
78 
52 

78 

78 

78 
78 
78 
78 
78 

R = Data Rejected 
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Table 4. Indicator variowam models. 

0.10 

0.20 

Decile. I cutorr I Model I co I C  I A  

0.0 1 Power 0.00 1 1 .OE-8 1.66 

0.02 Power 0.00 1 1 .OE-6 1.29 

0.60 

0.70 

0.30 I 0.04 1 power I 0.001 I 1.OE-6 I 1.35 

0.49 Exponential 0.07 0.27 3200 

0.97 Spherical 0.03 0.28 3000 

0.40 I 0.0') I Power I 0.001 I 3.OE-4 I 1.00 

0 .80  

0.50 I 0.20 I Spherical I 0.06 1 0.27 I 12000 

2.9 I Powcr 0.08 6.OE-5 1 .o 

whcre C, i s  the nugget effect, C is the variance component if spherical model, or positive slope if 
power model, and A is the range in meters if spherical model, or power in the power model. 
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2 0  20 

Statistics Am-24 l/Pu-239+240 Am-24 l/Pu-239+240 Am-241/Pu-239+240 Analytical Error Off Analytical Error On 
Off- & On- site Off site Locations On site Locations Site Locations Site Locations 

(OU I .  2. &3) 
Locations (OU 3) (OU 1 &2) (OU 3 )  (OU 1 &2) 

Number of Data 
Mean 
Sld. IICV. 

Cod. of Var. 
Maximum 
Upper Quanlile 
Median 
Lower Quantile 
Mini in 11 ni 
Skcwr1css 
Kiirtosis 

1 

178 60 118 60 118 
0.3 I 0.56 0.19 83.6 15.6 
0.53 0.84 0.12 69.6 8.46 
1.66 1.50 0.63 0.83 0.54 
5.76 5.76 1.12 400 54.9 
0.29 0.54 0.20 90.9 18.7 
0.19 0.36 0.16 62.0 11.9 
0.14 0.18 0.14 44.7 10.7 
0.00 0.00 0.02 15.0 0.79 
5.75 3.8 1 2.0 2.63 1.84 
46. I 18.8 6.5 1 10.6 6.6 1 
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